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New Design Concepts 


HisTORY HAS PROVED that many of the world’s greatest 
advancements were born during war periods. In the past 
such progress has been greatest in the field of medicine 
and surgery and, undoubtedly, this present conflict will 
bring forth further great strides in that field. However, 
in this present conflict, the greater emphasis is upon the 
machinery of war rather than numbers of men. Relatively 
speaking, men engaged in actual combat are fewer but the 
machinery and engines of war have been multiplied many 
fold. It is for this reason that engineering and industry 
are playing a greater part in the prosecution of war than 
ever before. The outcome of the present conflict will 
depend largely on the relative merits of the scientific and 
industrial accomplishments of the opposing nations. 

Although we are not officially in the war, American en- 
gineering and industry have already felt the impact. The 
first major effect of our defense program is felt in the 
scarcity of materials. In rapid succession, aluminum, 
zinc, nickel, copper and practically all other metals are 
being put on priority lists. 

Design engineers today have a wonderful opportunity 
to use their judgment and ingenuity without restraint. In 
the present emergency the engineers are 100 percent in the 
saddle. They are the only ones who possess the technical 
knowledge and experience to dictate changes in materials 
and methods for economizing on materials. 

Great care and good judgment will have to be exercised 
in switching from one material to another. Simple ma- 
chine elements not subjected to severe stress or other serv- 
ice requirements can be changed quickly without a great 
deal of study. But highly stressed members or parts sub- 
jected to severe service must be studied most carefully 
before making any changes. The problem becomes fur- 
ther complicated in attempting to select a material which 
is not on the priorities list or for which there is some 
assurance that the supply will not be extremely limited. 

One company has tackled the problem of materials by 


listing the materials that had been used in former decades. 
Engineering department files were ransacked for old draw- 
ings and old blueprints of designs that were manufactured 
before the days of the general use of alloy steel. Another 
line of attack was to study ways and means by which 
unnecessary materials or parts might be eliminated. This 
last is the perfect answer to the problem of scarcity of 
materials. 

Less than 15 years ago there was still on the market a 
machine called the Model T. Its strongest sales argument 
was, “It takes you there and brings you back.” Its out- 
standing design feature was simplicity and economy. By 
force of circumstances design engineers must get back to 
the philosophy which made the Model T famous. What is 
needed today is machinery and equipment for the home 
and industry that will render the services required, but 
designed as simple as possible and requiring a minimum 
of material and workmanship in their manufacture. The 
sales manager’s problem today is not a question of getting 
the engineering department to put the greatest number of 
“doodads” on the product in order to sell it in competition 
to the general public. His biggest problem is to be in a 
company where the chief engineer can develop a product 
that can be made. It is a seller’s market; the problem is 
to produce the products to be sold. The highest type of 
engineering will be required to develop products that 
“take you there and bring you back” and that can be 
manufactured with a minimum amount of materials and 
workmanship. 

We venture to predict that in this war emergency many 
startling developments in the field of engineering design, 
especially with reference to the ingenious use of materials, 


will be born. In meeting today’s conditions, engineers 
will develop a resourcefulness far beyond anything 
previously conceived. We are entering a period wherein 
new design concepts are being born and old dusty designs 
are being polished up. 

















THE MESSERSCHMITT 110 


Details of Germany's Mass Production Fighter 


JAMES E. THOMPSON 


Service and Specification Engineer, Vultee Aircraft, Inc. 


HE Messerschmitt Me 110 long- 

range fighter is an airplane 
designed for “blitzkrieg produc- 

tion” as well as blitzkrieg warfare. A 
brief examination reveals that its de- 


signers gave careful attention to the 
basic factors governing mass production 


practicability and economy—design sim- 
plification; elimination of close limits 
and clearances; practical assemblies 
and installations; and a minimum vari- 
ety of structural shapes and sheet gages. 
Examination reveals that this airplane 
lacks in nothing that a high-grade mili- 


tary airplane should possess. Its per- 
formance is good; armament heavy; 
instruments and controls are adequate. 


Long- and short-wave CW and phone 


radio equipment is provided. 
Production economy has largely been 
achieved by loosening up manufacturing 


Table I—Specifications of Messerschmitt Me 110 C-1 

















GENERAL ARMAMENT 
| Re ne ee Three-seater, twin-engined, Pimed @ORS......... 2.5... .. Four 7.92 mm. (approx. cal. 
low wing, land monoplane .32) — nose mounted 
ke ais Bae Ore de ed Long Range Fighter Cahnon.......... Two 20 mm.—nose mounted 
J a ee 53 ft. 5 in. Flexible guns................ One (approx. cal. .30) 
Overall length ............... 40 ft. 6 in. Bombs (alternate load)....... Two 250 kg. 
Fuselage maximum width. . oles 35 in. TANK CAPACITIES 
WING Fuel 
. | er 414 sq. ft. Normal — 4 tanks.......... 340 gal. 
Mean aerodynamic chord...... _— 92 in. Maximum — 6 tanks....... 480 gal. 
0 SS eee ra fe Oil 
Main spar location........... 39% of chord Two tanks................. 11.5 gal. each 
I So isch ns, 0-0is.0\4 40's 37 lb. per sq.ft. (approx.) Fuel to oil ratio.......... 21:1 max. 
_ a re 1.8 Ib. per sq.ft. WEIGHTS 
LANDING GEAR Weight empty...... eee 9,900 lb. (approx. ) 
_ SS jee See 15 ft. 2 in. ee . 5,400 lb. (approx.) 
Gross weight.......... . 15,300 Ib. 
ENGINE 
tcl amie ds bccn) oad ee Daimler-Benz DB 601 PERFORMANCE " 
Type........................ M&eylimder, poppet valve, Maximum speed at 19,000 ft... 365 mph 
liquid cooled, inverted Vee Maximum cruising speed at sea 
— supercharged, spark- level rere Dente e eee e ees 263 mph 
ignition and fuel injection. Maximum cruising speed at 
BEER ois a ke sida a stweaeaveeets 87 octane min. 16,404 ft...............06.. 304 mph 
Maximum cruising speed at 
PROPELLERS a 301 mph 
I ee oy eit bays Sie VDM Range at cruising power and 
| Pr ee eee eee Three-blade, controllable Lo SR ene re 565 miles 
; pitch, full feathering Maximum range at most eco- 
I Sicisi is ski oie OO eA 11 ft. nomical power.........,... 1,750 miles (estimated) 
MEI cs) oa ioia.ciSixta cs sacar Electric motor Maximum duration........... 7.0 hours (estimated) 
Table Il—Specifications of Daimler-Benz DB 601 Engine 
as agen Sak hws egekion ead 60 deg. Inverted Vee i Se Dike ae a oA 40.5 in 
| SIS coe eee ee ee ee Liquid — 50% ethylene EA err eek ics 9 bbs 29.1 in 
glycol and 50% water Weight (with all accessories, plumb- 
Normal maximum power (at 19,000 ing and wiring to firewall —dry).. 1,610 lb. 





aa sabi 1,150 hp. at 2,400 rpm* Accessories: Magnetos............ Bosch-twin CM12BR4 
Take-off power (for 1 min.)......... 1,360 hp. at 2,400 rpm Spark plugs. ---++.+..- Bosch — 2 per cyl. 
Compression ratio................. 6.9:1 Injection pump....... Bosch 12-cyl. in-line 
OSE 10: 1 maximum Injectors cette teen eee Bosch — 1 per cyl 
Reduction gearing................. 14:9 Oil pump............. Gear type 
a 5.9 in. Super charger drive.... Automatic, hydraulic, 
ae a ork 5a 5s 05. «bce s alow 6.3 in. variable speed 
NN 8 So isd Ss 5 Skye 3 acts 2,069 cu. in. * Critical altitude of 19,000 ft. assumed on basis of airplane 
POOR 0s 8s cake OEE re ee 67.5 in. developing maximum speed at 19,000 ft. 
ane PropucT ENGINEERING 
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Messerschmitt 110 wing construction—outboard of engine nacelle, designed for ease of fabrication and assembly 


limits as much as possible by ingenious 
design. Interchangeability of wing fil- 
lets is a troublesome problem in aireraft 
production, as it is necessary to hold 
close dimensional limits on the attach- 
ment screw holes in a part that is curved 
in three dimensions, and extremely flex- 
ible. This problem is solved by piercing 
large attachment holes in the fillet it- 
self, and using attachment strips that 
clamp the fillet edges between strip and 
wing or fuselage. This design permits 
drilling of attaching screw holes in 
strips and wing or fuselage with matched 
drill-jigs to insure perfect alignment, 
and the large holes in the fillet itself 
permit considerable dimensional varia- 
tion of this part. 

A similar problem of dimensional va- 
riations between wing tips and panels is 
met by special washers, screwed down 
over attaching holes in the skin. The 
attaching holes in the tips are large 
enough to compensate for variations in 
the location of mating holes in either 
section of the wing. 

An unusual design permits consider- 
able fore and aft and vertical adjust- 
ment of the nose-section wing fittings 
for alignment at final assembly. The 
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Table I1I—Materials Used in Messerschmitt Me 110 





WING 
a a gO bd os 
pecommary structare................. 
Average skin thickness.................. 
eee 
Maximum skin thickness........... 


FUSELAGE 
RPMI Sic 0 8G Z Sis lad. bleed ass Ss S008 
OOOIGONY SIFMOUNTC. 2... 25... cece ccc eee 


Piloi’s and gunner’s seats................. 
Average skin thickness 


EMPENNAGE 


Aluminum alloy 


Aluminum alloy and magnesium alloy sheet 


0.0L5 in. 
0.060—0.075 in. 
0.081 in, 


ae Aluminum alloy 
Aluminum alloy 
Magnesium alloy 


0:045 in. 


ioe o ts 6 Gh. hE ac Ae ER ee Ase ee 
Stabilizer nose section moldings. ...................0055 
PRT AE ooo oa 6 Sis dia a ww minnow putes wibiavoleiawe 


Aluminum alloy 


0.055 in. 


Magnesium sand casting 


POWER PLANT 


PRET RENEE 6.05.h gies sa dce dae naa 


LANDING GEAR 
Wheels 


a Magnesium forgings 


Magnesium castings 





fitting mounting face and pad are finely 
serrated, and the mounting bolt holes 
are oversize to permit adjustment of the 
fitting—with shear loads being trans- 
mitted through the serrations, rather 
than through the bolts. 


Self-aligning bushings for the major- 
ity of attachment fittings greatly sim- 
plify final assembly operations. These 
bushings are also used as rod-end bear- 
ings for the engine control rods, and 
appear to be a standard part as their 
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Wing panels connect directly to fuselage 
structure through four-point attachment 


nature is such that quantity production 
would be a simple matter. Each bush- 
ing assembly comprises two steel parts, 
an outer socket ground on its I.D. to a 
spherical radius, and an inner bushing 
with its O.D. ground to a mating spher- 
ical radius. One side of the outer socket 
is notched with two reliefs spaced 180 
deg. and slightly wider than the inner 
bushing. This permits assembly by 
turning the inner member at right angles 
to the outer part, slipping the two to- 
gether, and rotating the inner member 
into line with the outer. The assembled 
bushing has a ball-and-socket effect, per- 
mitting angular alignment over an un- 
usually wide range. 

It is obvious that the designers of the 
Me 110 concentrated every effort upon 
developing a structural design so well 
adapted to mass production that any 
reasonable accelerated production sched- 
ule could be met, and one which permits 
manufacture of completely interchange- 
able major components in widely scat- 
tered shadow factories, to be later as- 
sembled at one or more centrally lo- 
cated assembly plants, without regard to 
what factory produced a particular sub- 
assembly. 

Examination of the airframe reveals 
that every factor affecting production 
was carefully weighed during the de- 
sign of the Messerschmitt, even the con- 
sideration that the majority of assembly 
and fabrication must be possible of ac- 
complishment with semi-skilled labor 
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Control surface nose section design. Box structure carries torsion loads around hinge 


in the event that accelerated production 
and the demands of military service 
should bring about an acute shortage of 
skilled labor. This belief is substanti- 
ated by the code numbers placed on a 
majority of assemblies to indicate the 
attaching parts, such as the two halves 
of an electrical disconnect plug being 


marked “L-93,” or one end of an oil 
line and its mating fitting both being 
marked “F-17.” 

In order to analyze intelligently the 
production possibilities of the Me 110. 
it is necessary to assume that manufac- 
turing methods and equipment used by 
Messerschmitt are similar to those of 
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to its adaptability to mass production 
by these assumed methods. 

The semi-monospar, all-metal, two- 
panel wing construction lends itself well 
to quantity production, without requir- 
ing the use of elaborate wing jigs or 
the services of highly skilled workmen. 
The simplicity of the wing internal 
structure, of true monospar construc- 
tion outboard of the engine nacelles, 
with accessibility provided through land- 
ing gear cut-outs and large removable 
panels for fuel tanks and control mech- 
anisms, makes possible rapid assembly. 
Detail parts are simplified by minimiz- 
ing the variety of structural sections 
and by largely eliminating extruded 
sections. 

The basic wing construction consists 
of a nose section formed in a power 
brake operation; nose ribs formed with 
a punch-press or drop-hammer; hat- 
section stringers formed from strip stock 
with power rolls; and main beam com- 
prising extruded aluminum-alloy angle 
cap-strips riveted to an aluminum alloy 
plate shear-web member. Aft ribs of the 
Warren-truss type are formed by rivet- 





ing short lengths of hat-sections to a 
former practicable of manufacture as 
a stamping or a hammer part. Flat 
sheets of aluminum alloy are flush- 
riveted into place to cover the wing aft 
of the nose section, with flush joints 
being obtained by joggling the edges of 
overlapping sheets. The wing construc- 
tion is simplified by the complete ab- 
sence of a rear beam outboard of the 
engine nacelles, aileron and flap loads 
being transferred directly into the mono- 
spar by the trailing edge ribs. 

The absence of a wing center-section 
structure further simplifies wing fabri- 
cation. The wing panels connect directly 
to the fuselage structure through a four- 
point attachment between the shear- 
webs and the fuselage structure. The 
monospar is connected at two points to 
a truss-girder passing through the fuse- 
lage: a bolt passing through a clevis 
fitting to connect the bottom of the spar, 
and a large stud extending from the top 
of the spar through a boss in the truss 
within the fuselage. Torsion loads in 
the nose section torque box are carried 
into the fuselage by a clevis connection 
between the nose section sub-spar and 
the fuselage. Another clevis connection, 





near the aft of the wing, permits the 
rear sub-spar to carry aileron and flap 
torsion loads into the fuselage. Square- 
cut wing tips, in the form of simple 
fairings to close the outboard end of 
each wing panel, facilitate production 


of the wing. 


Six self-sealing fuel tanks are housed 
within the wing structure, four within 
the nose section, with one being at each 
side of both engine nacelles, and two 
more aft of the monospar and inboard 
Each tank is 
readily removable from the wing through 
a stressed-panel, secured by machine 
screws, in the wing skin immediately 
below the tank. The tank construction 
comprises a riveted fibre frame, similar 
in construction to a suitcase, and used 
solely to give shape to the tank, with no 
attempt being made to have a gasoline- 
tight frame. This tank frame is placed 
inside a special container, which can 
be best described as being a rubber en- 
velope with a large flap strapped over 
the top of the tank frame to completely 
inclose the tank. A thick blanket of 
synthetic crepe rubber is provided on 
the inside of this flap for sealing pur- 
The self-sealing characteristics 


of the engine nacelles. 


poses. 
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Horizontal tail structure. Holes pierced in skin sheets permit bolting of front beam flanges for assembly 
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of the tank are obtained by using a lam- 
inar envelope construction comprising 
several layers of pure rubber held be- 
tween an outer layer of tough vulcan- 
ized rubber, and an inner-layer of gaso- 
line-resistant synthetic rubber. 

When this envelope is pierced by a 
bullet the normal resiliency of the rub- 
ber layers is usually sufficient to close 
the wound, and the slight seepage of 
fuel into the layers of pure rubber 
causes these to rapidly swell and tightly 
seal the puncture. The effectiveness of 
this type of construction is surprising, 
as firing tests have shown such tanks 
capable of satisfactorily sealing the 
punctures caused by several direct hits 
of machine gun bullets concentrated 
within a small area. A self-sealing oil 
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Fore and aft and vertical adjustment pro- 
vided by oversize holes and serrated faces 


tank of similar construction is mounted 
within each engine nacelle. Each self- 
sealing tank is supported in a non-metal- 
lic frame by fabric straps, with the 
obvious intent of avoiding damage from 
metal “orange-peel” caused by bullets. 

The design of the vertical and hori- 
zontal stabilizers permits these to be 
manufactured rapidly and easily in 
quantity production. The basic struc- 
ture of each comprises symmetrical 
halves, riveted and bolted together in 
an ingenious fashion, with a cast mag- 
nesium nose section being attached with 
flush screws; and can best be visualized 
by considering a conventional stabilizer 
divided longitudinally along its chord 
line to form two symmetrical halves. 
with all rib and beam edges being 
flanged. These halves are manufactured 
as sub-assemblies and then joined by 
riveting through mating flanges around 
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Dimensional variation between wing tips and panels is compensated for by special 
washers, shown at B. At A, oversize attachment holes in wing fillets and jig-drilled 


attachment strips save much fabrication and assembly time 
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the entire outside edge, with the flanges 
of the front beam being joined by bolts 
inserted through holes pierced in the 
skin sheets. The bolt access holes are 
closed by small cloth patches doped in 
place. The vertical stabilizer construc- 
tion is simplified by low applied loads 
which permit substitution of chord-wise 
hat-section stiffeners for the ribs. 

The structural units forming the aile- 
erons, rudder, elevators, and wing flaps 
are designed for economical production, 
with the majority of their parts being 
practical of fabrication by simple power- 
brake and punch-press operations. A 
power riveting machine could be used 
for quickly joining these units into a 
frame assembly of nose section, beam 
and ribs, preparatory to the final opera- 
tion of covering with smooth, flush-type 
fabric. 

The hydraulically-operated, slotted- 
type wing flaps extend from fuselage to 
aileron on each wing panel and are in- 
terconnected with the adjustable hori- 
zontal stabilizer to automatically trim 


Radio blind 
landin 
apparatus 





the ship to compensate for a nose-heavy 
condition resulting from the drag of the 
lowered flaps. A toothed rack, connected 
to the left-hand side bellcrank, engages 
a small pinion driving a cable leading 
aftward and connecting with a chain 
around the drive sprocket of a screw- 
jack which is hinged to the leading edge 
of the horizontal stabilizer. The arrange- 
ment is such that as the flaps are low- 
ered, the stabilizer leading edge is low- 
ered about two inches. Automatic wing 
slots are fitted to the wing leading edge 
to further reduce the landing speed by 
preventing wing tip stalling. 

Flight controls, in the form of conven- 
tional control stick, and rudder pedals 
with tow-brakes, are provided in the 
front cockpit only. All possible parts of 
the control system have been designed 
as bench sub-assemblies, permitting in- 
stallation of the control system in the 
form of a comparatively small number 
of units. 

The almost complete absence of lat- 
eral bracing structure within the fuse- 
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lage permits direct control system rout- 
ing. with a minimum of fairleads and 
bellcranks for the empennage control 
system. This system comprises steel- 
wire control for the rudders and ele- 
vators, and push-pull rod control for the 
trim tables. A system of belleranks and 
push-pull tubes controls ailerons. 

The fuselage structure is a simple 
semi-monocoque type extending from 
nose to tailwheel bulkhead. The basic 
design is such that it is adapted to mass 
production. It is manufactured in sym- 
metrical halves, joined vertically along 
the center line to form the complete 
structure. These halves could be assem- 
bled in simple vertical jigs arranged to 
give the workmen free access to both 
exterior and interior surfaces of the 
half, thus tremendously accelerating 
production by eliminating the necessity 
of working in a close, cramped fuselage 
interior during assembly operations, 
permitting a greater number of person- 
nel on assembly operations. It is reason- 
able to believe that a majority of the 


Electrical wiring 
attachment brackets 


i ces <N 


~ Flat sheets spr. 


place form these bands ~~ 





Fuselage is manufactured in symmetrical halves and is joined by riveting along upper and lower centerlines 
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electrical wiring, plumbing and control 
mechanism within the fuselage is in- 
stalled in each half while it is still in 
the jig, and freely accessible. 

The fuselage structural design has 
bands of aluminum-alloy sheet about 19 
in. wide, with the edges of each alternate 
band being rolled over into a Z-section 
to form integral bulkhead rings. Bands 
adjacent to the formed sheets are simply 
flat sheets sprung into place, with the 
whole joined by flush riveting and 
joggled joints to form a structure free 
of internal bracing members. Reinforc- 
ing extends aftward from the nose sec- 





and an hydraulic actuating cylinder. 

The integral locks are in the form of 
segment rings encircling both ends of 
the actuating cylinder’s piston, and ar- 
ranged to be forced into locking grooves 
at the cylinder ends by the action of a 
tapered cone inside each end of the pis- 
ton. These lock rings can be released 
only by hydraulic pressure forcing the 
locking cone into unlocked position 
when fluid is applied for reversal of the 
piston stroke, as no normal force ap- 
plied externally on the piston rod will 
dislodge the lock ring segments. A com- 
pressed air system provides for emer- 





Hydraulic landing gear actuating cylinder. Half of knee strut shown at top 


tion bulkhead to the rear cockpit, and 
hat-section stringers extend the length 
of the fuselage. A main beam truss com- 
prising a T-beam lower member and a 
tubular upper member connects across 
the fuselage. Each skin sheet extends 
from the lower to the upper center line 
and the fuselage halves are joined in a 
final assembly operation by two rows of 
rivets passing through hat-section string- 
ers on the upper and lower center lines. 

A hydraulically-operated, fully- 
retractable main landing gear is used, 
with the landing gear “legs” being 
folded aftward and up into retracted po- 
sition within the engine nacelle lower 
fairings, and completely inclosed by au- 
tomatically operated doors, extending 
the length of the nacelle fairings. Actu- 
ation is accomplished by an hydraulic 
cylinder connecting to the center of a 
knee-structure, with the result that com- 
pression of the cylinder lifts strut and 
wheel into retracted position. The hy- 
draulic system uses a normal operating 
pressure of approximately 2,000 lb. per 
sq. in., and the landing gear mechanism 
is simplified by automatic locks, for ex- 
tended and retracted positions, built 
within the actuating cylinders. Thus, 
each landing gear installation comprises 
but a pivoted cantilever shock absorber 
strut and wheel assembly, a knee-strut, 


344 


gency actuating of the landing gear, 
with air stored in small cylinders at 
approximately 2,200 lb. per sq. in. 
pressure. Manually-operated hydraulic 
wheel brakes are used. The majority of 
the landing gear units are interchanze- 
able, left with right. Standard tire and 
wheel assemblies are used. 

A simple, straight-forward power 
plant design is used for the Messer- 
schmitt Me 110, comprising an engine 
mount formed from four sturdy magne- 
sium forgings, each attaching to a fitting 
at the wing monospar. The complete 
power plant installation is readily re- 
movable from the airplane by discon- 
necting a few lines and control rods. In 
fact, the complete installation is un- 
doubtedly assembled as a unit, and then 
quickly connected to the wing during 
final assembly operations. 

All control rods and bellcranks are 
obviously standard parts, identical with 
those used in other German military 
aircraft, and of a type originally devel- 
oped by Junkers, wherein serrated faces 
on bellerank levers are clamped between 
flanges on a torque rod or bracket bush- 
ing, to permit adjusting the lever or 
levers to the proper angle for a particu- 
lar application. Piping, end _ fittings, 
clamps, many brackets, and the like are 
also standard parts. This practice of 
standardizing all engine installation 
parts is greatly assisted by the fact that 





Hydraulic actuating cylinder for wing flaps 








Bushing inner member 
turned 90° into 
Position for 
removal 










Bushing swiveled to 
compensate for slight 
mis -alignment. 


Self-aligning bushing, used extensively on the Messerschmitt plane 
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practically all German military air- 
planes are equipped with either a Daim- 
ler-Benz, or a Junkers Jumo engine, 
and both these have approximately the 
same overall dimensions, connections 
and control locations, permitting the use 
of identical mounts for either engine. 

Each engine drives a three-blade, elec- 
trically controllable propeller of about 
11 ft. diameter. These propellers are 
not a constant-speed type, and are con- 
structed quite differently from our Cur- 
tiss electric propeller, as each blade is 
provided with a worm sector and pinion 
near the blade root, with a spur gear on 
each pinion shaft meshing with a large 
ring-gear concentric with, and driven by, 
an annular-type electric motor mounted 
directly behind the propeller on the 
propeller support shaft. Connection of 
propeller support shaft to engine pro- 
peller shaft is through a flange coupling 
having mating flange faces deeply ser- 
rated so as to relieve the clamping bolts 
of shear load. An automatic electric 
timing device prevents engine opera- 
tion at take-off power for more than one 
minute at a time. 

A coolant radiator for each engine is 
provided beneath the wing, in positions 
immediately outboard of the engine na- 
celles and just forward of the wing 
flaps. Each radiator has an electrically 
controlled air exit shutter. The absence 
of a rear spar at these locations permits 





the radiators to extend upwards for the 
depth of the wing, greatly minimizing 
the exposed, or frontal area presented to 
the air stream. This fact, in conjunction 
with placing the radiators in a location 
where a disturbance of air flow will have 
slight effect on the wing efficiency, gives 
the ME 110 an extremely favorably cool- 
ant radiator installation. Coolant is a 
mixture of ethylene glycol and water. 
An oil cooler is mounted beneath each 
engine. 

Five machine guns and two cannons 
give the ME 110 terrific striking power 
as a fighter or as an attack airplane for 
strafing troop concentrations and trans- 
portation units. These same airplanes, 
as a matter of fact, were used during 
the Polish campaign to disorganize rail 
transportation, by flying along railroad 
tracks and disabling locomotives with 
explosive shells from their cannon. Four 
fixed machine guns, of about .32 caliber, 
are neatly arranged on a deck in the 
fuselage nose section, with ammunition 
boxes providing about 800 rounds for 
each gun located beneath the guns. The 
20 mm. cannon are installed in the ex- 
treme lower portion of the fuselage 
beneath the pilot’s cockpit, and fire 
through steel blast tubes extending 
through the lower portion of the fuse- 
lage nose section. Selective command of 
guns and cannon is through firing 
switches on the pilot’s control stick. 





20 mm. cannon and explosive shells, compressed air charged and electrically fired 
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Compressed air charging (cocking) and 
electric solenoid firing control is pro- 
vided for guns and cannon. The gunner 
is furnished with a single flexible ma- 
chine gun, of about .30 caliber, sup- 
ported in a universal mount for tilting 
and/or swiveling through a wide range. 
The gunner fires from a seated position 
in a swiveling bucket seat. 500 rounds 
of ammunition are supplied for the flex- 
ible gun. No armor plate is used in the 
airplane. 

Two bombs of the 250 kg. class can be 
carried on an external rack provided 
with electric control. This rack is 
quickly detachable ,and obviously is 
carried only on bombing missions. 

Electrical wiring is shielded through- 
out the airplane, for the obvious reason 
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that the saving in installation time pos- 
sibly by using prefabricated wiring as- 
semblies, joined by disconnect plugs and 
connector blocks, fully compensates for 
the increased cost of shielded wiring. 
Rigid conduit is used only for mechan- 
ical protection of the wiring, and very 
rarely, with junction boxes being con- 
spicuous by their absence. Fuses are 
entirely replaced by circuit breakers, 
which also serve as switches for their re- 
spective circuits. Wiring is secured to 
the airplane by narrow metal bands 
joined by a crimp, and passed through 
snap rings clipped into small channel 
members attached to the structure. 


Unfolded copies of complete 
Messerschmitt drawing may 
be obtained free upon a re- 
quest addressed to the Editor 
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Modern Designs 





























Severe unbalanced conditions, which result from 
non-uniform loading of the spinner basket, and 
which cause noise and vibration, have been elimi- 
nated in the new fully-automatic Westinghouse 
Laundromat by combining coil spring mounting 
with friction damping. Thus there is no need to 
anchor the machine to a special foundation, and it 
may be moved easily if necessary. Automatic cycle 
control dials are marked for type of material and 
degree of soil rather than for temperature and 
time. Interlocks prevent premature spinning. 


All-welded steel cabinet is bonderized and finished in 
baked white Dulux. Lint trap and driving mechanism are 
accessible through hinged panel at lower right. Loading door 
has glass window mounted in a one-piece stainless steel bezel; 
it is held against a molded rubber gasket on the tub by spring 
hinges. Soap chute is integral with glass window. Basket 
access door in upper panel serves as loading shelf when open. 


Vibration isolation is accomplished with steel coil springs 
at three points, two at front and one at rear, which support 
entire washing unit, including motor and pump. Damping is 
provided at five points, a minimum of two are effective in all 
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Damped Springs Isolate Rotating Mass 
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modes of vibration. Round molded brake lining shoes rub on 
chrome-plated steel surfaces. Shoes are mounted on end of 
leaf springs. Curves show results of field tests on vibration 
damping properties. 
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Timer, heart of the automatic control, is a micarta cam and 
contact arrangement driven by a synchronous motor through 
an escapement mechanism that permits 5 deg. rotation of the 
cam shaft at 45 sec. intervals, thus providing snap-acting con- 
tact operation. Timer is connected to operating elements with 
unified wiring harness. Timer controls introduction and 
draining of water, giving washing cycle of 21 min. Also 
changes basket rotation from 52 r.p.m. for washing to 500 
r.p.m. for centrifugal extraction. 
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Water level is automatically controlled. A vitreous enam- 
eled steel chamber is suspended on springs to eliminate fric- 
tion losses which would introduce variation in the water 
control. Connected to the bottom of the tub by a rubber hose, 
the chamber when filled to adjustable height actuates a snap- 
acting switch through a bracket arm arrangement, shown at 
right. Level of water can be adjusted by proper positioning 
of upper spring. 


+ 7ermmperature 
* valves, 





Shee ALIVING 
TravisIMission 





Temperature and flow of water is regulated by an auto- 
matic mix and fill valve. Temperature regulation is obtained 
by dial adjustment of spiral bimetallic element to the type of 
material. Dial, mounted on front of cabinet, operates on hot 
and cold lines through balanced orifice arrangement. Filling 
circuit and high-speed operation of the basket are interlocked 
through the fill switch controlled by the water weigher. Pre- 
mature spinning is prevented by an interlock with fill switch. 

(Continued on next page) 
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MODERN DESIGNS - Automatic Washer (continued) 
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Two-speed planetary gear ar- 
rangement, V-belt driven by a 14 hp. 
washing machine motor, rotates basket. 
In high speed ring gear is free and spi- 
der which carries planet gear is clutched 
directly to high speed pinion, clutch 
having been engaged by thrust spring. 
When solenoid is de-energized, the shift- 


ing ring moves axially, because of roller 
in slot, bringing braking surface in con- 
tact with ring gear flange, and disen- 
gaging the high speed cone clutch. Brak- 
ing slows basket to 52 r.p.m., obtained 
by pinion driving planet gear which 
turns spider around common center, 


while internal ring gear is stationary. 
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High speed operation for drying, 
500 r.p.m., can only be obtained when 
solenoid circuit is energized by the pro- 
gram timer. Similarly the drain pump 
operates only when idler pulley, sole- 
noid-actuated, forces V-belt over against 
pulley. Since hose discharges at a point 
above the normal water level in the tub, 
gravity draining is prevented thus elim- 
inating need for valves in drain system. 
Complete planetary drive assembly runs 
in bath of S.A.E. 20 oil. Front of hous- 


ing is cast iron, rear is drawn steel. 


Two vitreous-enameled drawn 
steel halves of the outer tub are as- 
sembled with a molded rubber gasket 
between and a steel clamp ring drawn 
down over the flanges. 

The basket in which clothes are 
washed, rinsed and dried is drawn of 
heavy-gage steel, welded into a one- 
piece body, porcelain enamel finished. 
Four deep vanes, drawn into sides, and 
a domed bottom are designed for 
strength and rigidity. Perforations in 
wall (960 holes, 7/32 in. diameter) are 
countersunk. 

Two seal glands, one of which is held 
in place by an aluminum ring and the 
other pressed directly into the front 
housing, are placed between outer tub 
and drive. Gaskets are also placed on 
either side of the outer tub. Hub socket, 
which receives the drive sleeve, is 
welded through two diaphragm plates, 
which in turn, are welded around their 
outer circumference to shoulders on the 
basket. A heavy drive pin within this 
socket mates with the slots in the drive 
sleeve. 
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Indirect heating arrangement in Allis-Chalmers home con- 
ditioner makes the same unit available for winter heating, 
summer cooling, and for year-round hot water supply. Small- 
est size, shown above, is rated at 70,000 BTU when using 
either oil or gas burner. Lower cabinet containing burner and 
boiler is connected by circulating pipes to heat dissipating 
radiator in upper cabinet. Suspending upper unit from ceiling 
simplifies duct connections, reduces floor space required. 


Heater Does Triple Duty 
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Cold air is drawn from rooms through spun glass filter by 
centrifugal blower and circulated through radiator twice by 
baffles. For summer cooling, gate valves are closed and city 
tap water continuously passed through radiator. Double pass 
of air through radiator gives maximum cooling for minimum 
amount of water. Air is dehumidified by condensation of mois- 
ture on radiator. Hot water is provided by copper coil placed 
in boiler as shown. Baffles are of chrome or silicon steel. 
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Relatively thin seamless steel tubes 
form the boiler surface of the heating 
units. These are finned to increase sur- 
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face area exposed to heat. In the coal 
fired units, square steel stampings 
welded to the round tube make satisfac- 
tory fins because the dry soot can be re- 
moved easily. In oil or gas fired units 
continuous fins stamped from flat plate 
are welded along the length of tube 
keep air flow smooth and make removal 
of oily soot easy. 
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Similar principle is used in coal 
fired units (80,000 and 100,000 BTU) 
which are equipped with gravity feed 
hopper. Tubular type boilers, which re- 
quire a comparatively small amount of 
water, are used. Temperature of water 
is kept constant with aquastat control 
while room temperatures are maintained 


by thermometer control of blower opera- 
tion. Either large blade low velocity fan 
or centrifugal blower is used depending 
on heating capacity of the furnace. Hu- 
midity pan heating coil is regulated 
to give correct moisture automatically. 
Draft opening is V-shaped and slide is 
adjustable to desired proportion of air. 
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MODERN DESIGNS - Integral Castings for Strength 





Cover for V-Lelf 
Arive from 
motor 


PR ps 
iicagge 


Back gear 
Feed 


Outboard table supports are. cast 
integral with the bed of Defiance hori- 
zontal boring mills, leaving only 3 in. 
overhang at each end of the table on the 
larger machines. Bed. column, back 
rest. head. saddle. speed and feed boxes 
are semi-steel castings. A.S.T.M. No. 35 
iron containing 30 percent steel and 1 
percent nickel. Table casting contains 
Mayari iron, chromium content of which 
gives hard close grained surface capable 





Main ways 
Supports 
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of sustaining a fine polish. Bed casting 
is ribbed as shown with supports for the 
two main bed ways. Hardened and 
ground wear strips are used for out- 
board bearings. Way surfaces are hand 
scraped and protected by scrapers and 
felt oil seals. Openings at wider end of 
bed castings are for speed and feed gear 
boxes. Tail block, boring bar support. 
slides on vee ways. Tail block is bal- 
anced by equal weights in each side of 


Feed box 
opening 


Speed box 
opening 


Hardened 


strips 


Counter balanced 
Fatl block 


and ground 







the column. Counter balanced spindle 
head unit is hand-scraped for a precision 
bearing with column; it is clamped be- 
tween dovetail way and front edge of 
column ways. Low speed for large di- 
ameter milling and boring is obtained 
through an additional unit which drives 
a large gear on the front end of the spin- 
dle sleeve. thus reducing heavy torsional 
loads. Spindle center line clearance is 
1% in. in low speed. 
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High-low speed 
Shift lever 


V-belt guard 


Motor 
bracket 


Speed 
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Chain drive for rapid traverse 


V-belt is used between 71% hp., 1,200 
r.p.m., motor and speed-box. Main 
clutch is a double Twin-Dise type run- 
ning at a speed of 450 r.p.m. Clutch 
shaft drives lubricating pump and chain 
drive to rapid traverse shaft. The posi- 
tive six-jaw double feed clutch for feed- 
ing in both directions is broached to fit 
six-splined clutch shaft. Rapid traverse 
double Twin-Disc clutch disengages on 
release of pressure from the operating 
lever. Direction of lever motion controls 
direction of rapid traverse. Vertical 
drive shaft to head is driven by bevel 
gear. This alloy steel shaft drives hard 
bronze gear in head. 
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Spindle 
reverse 


Dial 
indicator 


Saddle is guided on inside edge of bed 
ways and is gibbed to bed by a square 
lock method. Outboard bearings with 
tapered gibs allow adjustment for wear. 
The two ways supporting the plates are 
cast in one piece for rigidity. Table has 
cross travel equal to its length and when 
clamped is held against front guide 
ways. Center line of spindle travels to 
14 in. below level of table top. Bed, sad- 
dle and table ways and head ways are 
lubricated by a central system and head 
unit is automatically lubricated by 


Heat-treated and forged spindle 
sleeve, Timken bearing-mounted, slides 
in cast iron bushings front and rear. 
Bearings are zero precision, two single 
8% in. O.D. at front and one double 714 
in. O. D. at rear end. Close fit is 
achieved by heating bearings in oil be- 
fore assembly and letting them cool in 
place. Main spindle drive is designed to 
provide high-speed range of 20 speeds 
from 12 to 1,000 r.p.m. and with low- 
speed unit 20 speeds from 4 to 320 
r.p.m. Six-splined. heat-treated S.A.E. 
4140 shaft from speed box passing 
through hard bronze gear drives the 
head unit. Upper end of speed shaft is 
supported by bearing in bracket at top 
of head column. Spindle can be re- 
versed without reversing feed. Spindle 
feed is through vertical shaft from feed 
gear box. Twelve feeds range from 
0.0016 to 0.490 in. per revolution at 
high-speed setting to 0.0047 to 1.524 in. 
with low-speed arrangement. Power 
comes to the first sliding gear splined 
shaft through a safety clutch in speed 
box. This shaft carries two sets of two 
cluster gears controlled by two inter- 
locking levers at right end of box. Sec- 
ond sliding gear splined shaft carries 
one cluster of three gears controlled by 
vertical lever at right-hand corner of 
box. Fast travel is transmitted through 
flexible coupling. Fast travel and feed 
levers are interlocked so that both can- 
not be engaged at the same time. 


Rod supports 


Wear 
adjustment 





pump. All shafts and gears are made of 
S.A.E. 4140 heat-treated steel. All 
gears are 8/10 pitch. Table is con- 
structed to take dial indicators. Feed 
can be disengaged at any point and is 
automatically disengaged when the ex- 
treme limit of travel is reached. The 
fine hand feed on the spindle has a 
dial graduated in thousandths. All heli- 
cal gears in head drive are shaved for 
precision. Clutch in speed box is access- 
ible for adjustment and can be removed 
without disturbing other elements. 
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Stainless 
Stee/ 





Priorities on metals have particu- 
larly affected the home appliance in- 
dustry, large user of aluminum and 
stainless steel. Shortage of these two 
materials has resulted in their being 
replaced by plastics, low-cost steels or 
cast iron coated with vitreous enamel 
and other less restricted materials. 
Many changes are still on the drawing 
board or just getting into production. 
Kelvinator early this year replaced its 
stainless steel evaporator door with one 
of porcelain finished steel, stainless 
steel trimmed. Also, the inside panel 
of the refrigerator door is now made 
of laminated plastic. White surface is 
baked on, giving extra cure to the plas- 
tic to eliminate possibility of fading or 
yellowing. 

More recent change by Kelvinator was 
to replace stainless steel evaporator 
with one of porcelain enameled steel. 
Design was changed eliminating cross 
tube to header in each wall of previous 
model evaporator. In new design re- 
frigerant enters top. shelf, passes 
through right wall, through bottom 
shelf to left wall. 
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MODERN DESIGNS - New Uses for Materials 
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Aluminum ice trays, now limited to 
two in refrigerators of 6-10 ft. capacity, 
have been replaced by tinned copper 
trays with rubber grids. Rubber 
treated to eliminate tarnishing of tinned 
surface. Co-efficients of thermal con- 
ductivity of the metals are: copper, 
2.680; aluminum, 1,380; tin, 440. Ex- 
periments are still under way on steel 
and porcelain trays. 

Glass shelves, in service for the sec- 
ond year, require steel only for framing. 
By leaving a space between back of 
box and edge of shelves cold air circu- 
lation ‘is good. The glass shelves are 
also easy to clean. 

Door is sealed by “balloon-type,” live- 
rubber seal. A_ stainless steel band 
frames the door opening and is designed 
to eliminate projecting screw-heads. 
Box has welded one-piece sides and top 
cabinet, rust-proofed and baked enamel 
finish. Interior box is one-piece porcelain 
with rounded corners and acid-resistant 
bottom. Refrigerating unit is spring and 
rubber mounted in steel housing. Sec- 
ondary cooling coils are in the walls 
of the “Freshener.” 


is 





Coupling for electrical conduit made 
from short lengths of welded steel tub- 
ing is being used by one manufacturer 
as an alternate material for compara 
tively heavy cast pipe couplings. The 
male portion of the coupling is formed 
from 1%%-in. length of 114 in. diameter 


—15 gage welded steel tube. The cet- 
tral section is expanded to 3 1% in. 
maximum outside diameter and then 
pressed to hex shape. 
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Screw machine products turned from steel, brass or aluminum bar stock. Shapes could be duplicated by die-casting in non-ferrous 
alloys, but for most pieces not with equal economy. If die-cast, supplementary machining would be required on some parts 


DIE-CAST PRODUCT OR 
SCREW MACHINE PRODUCT - II 


N THE first installment of this 

article, which appeared in the 

June number of Propuct Encet- 
NEERING, consideration was given to fac- 
tors that involved materials and their 
properties. In this part of the article, 
factors will be discussed that are closely 
associated with production technique. 


Dimensionat Accuracy. In general, if 
a comparison be made between the cast- 
ing “as-cast” and the screw machine 
product, the latter has a slight edge 
over the die-casting in respect to the 
tolerances which can be held. If, how- 
ever, the die-casting be machined it can 
be held within the same dimensional 
limits as the screw machine product. 
Between points formed in solid integral 
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parts of the die, the usual “as-cast” lim- 
its on die-castings in zinc alloy are plus 
or minus 0.001 in. per in. plus whatever 
drafts are required. If, however, the 
measurement be across a parting line or 
is affected by clearances in die-parts 
having relative motion, plus or minus 
0.003 or 0.004 in. is commonly allowed 
in addition to the foregoing tolerance. 
The limits are slightly wider for alumi- 
num and for magnesium alloys, and 
somewhat wider still for alloys based on 
copper. There is, of course, a chance 
for further variations at the parting line 
unless the flash formed be trimmed or 
machined with considerable accuracy. 

On screw machine products, the gen- 
eral commercial practice is to hold 
diametral dimensions when marked in 


decimals to within plus or minus toler- 
ance of 0.002 or 0.0025 in., and within 
plus or minus 0.003 in. on lengths unless 
closer dimensions be specified. If speci- 
fied, diameters can be held to plus or 
minus 0.001 or even 0.0005 in. but this 
requires extra expense. Drafts needed 
on die-castings are not required on 
screw machine products, although ma- 
chining is facilitated if shoulders are 
tapered rather than square. 


SuRFACE SMOOTHNESS. Tool marks, 
usually left by roughing cuts on screw 
machine products, can be removed by 
shaving, skiving or burnishing. Die- 
castings as cast in most alloys can have, 
when required, surfaces so smooth that 
they take a high buffed polish. Both 


353 




























































die-castings and screw machine prod- 
ucts can be produced with surfaces 
that require little polishing and only 
moderate buffing in preparation for 
plating. 


APPEARANCE involves so many factors, 
some of which are intangible, that gen- 
eral conclusions are not easy to make 
and may be of doubtful value. Most 
screw machine products have consider- 
able luster whereas the die-casting is 
usually frosted. Both types of products 
tarnish after a time when exposed to the 
atmosphere. Other factors such as cor- 
rosion in service, and especially the 
rusting of steel, affect appearance often 
in a marked degree, but comparisons in 
this regard do not permit of satisfac- 
tory generalization. Shapes such as are 
here compared may be identical, but it 
is possible to produce in the die-casting 
certain variations in surface contours 
usually not feasible in the screw ma- 
chine product that may have a marked 
effect upon appearance. 


Costs oF APPLIED FINISHES are, in gen- 
eral, about the same for the two types 
of parts, but may favor the screw ma- 
chine product slightly in some instances, 
especially when an unusually smooth 
surface is needed as for plating, or when 
considerable grinding is required to re- 
move marks at parting lines on the die- 
casting. Die-castings are sometimes sub- 
ject to slight surface porosity and often 
to some sub-surface porosity which may 
cause trouble in finishing, especially if 
high-temperature baking is required. 
With proper care in casting and in die 
construction, as well as in selection of 
finishing materials and baking sched- 
ules such difficulties can be overcome. 


Propuction Rates for the die-casting 
are likely to exceed considerably those 
for the screw machine product. For 
small parts, similar to those produced 
by screw machines in general, the die- 
casting machine for zinc alloys runs 
about 200 to 300 cycles an hour mini- 
mum with some machines running up to 
or exceeding 1,000 cycles an hour. 
Moreover, especially if total require- 
ments are large, the die frequently has 
several cavities. In machines equipped 
for using unit dies, several dies can be 
run simultaneously. The machine cycles 
cited apply to zinc alloy in par- 
ticular, the rate may be cut to one-third 
or one-fourth for alloys of higher melt- 
ing point. It should be noted, however, 
that the rates given are for casting 
only and do not include fin removal or 
any machining, both of which involve 
separate operations after casting. 
Rates of screw machines vary from 
about 30 to about 3,600 pieces per hour 
per machine, depending upon the size 
of piece, type of material used. number 
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of spindles, and also upon the number 
and character of operations required. 
Often the piece is completely finished 
and ready for use, but for some parts 
secondary operations are required. 


Too.ine Costs are likely to be higher 
for the die-casting than for the screw 
machine product, partly because it is 
necessary to make a die and usually 
tools for flash removal. For the screw 
machine product it is possible to use 
standard tools; when special ones are 
needed their cost is likely to be less 
than that of the die required for cast- 
ing, although there may be exceptions, 
especially if special cams for actuating 
the screw machine tools are needed. 
Considerable time and expense are often 
involved in keeping screw machine tools 
sharp, and also in the maintenance of 
dies and trim tools for the die-casting. 
For the most used zine alloys the main- 
tenance on dies which are properly 
made is low, even for long runs; for 
alloys of higher melting point, espe- 
cially for brass, the cost of die mainte- 
nance increases considerably. 


Lagpor Cost is generally higher for the 
die-casting because die-casting machines 
are not completely automatic, also flash 
must be trimmed and often other ma- 
chine work must be done on each piece. 
Although the screw machine is fully 
automatic, some attention is required to 
check parts as to size and finish and 
when adjustments must be made expert 
set-up men are needed. Set-up time 
averages about 4 to 8 hours on multiple- 
spindle screw machines and around 214 
hours for single-spindle machines. Die 
changing on most casting machines does 
not require labor so highly skilled as 
for screw machine set-up. Casting die 
changing ranges from about 4% to per- 
haps 4 hours with the average around 
2 hours for dies of the size needed to 
make parts such as the screw machine 
commonly turns out. For the die-casting 
extra time is required, as a rule, to 
set-up trim dies in a punch or arbor 
press. Special set-ups in other machines 
may also be needed for either die-cast 
or screw machine products if secondary 
operations are required. 


MaTerRIAL Costs generally favor the 
screw machine product provided soft 
steel rod or other low cost steel rod can 
be employed and that the loss in scrap 
is low. If seamless steel tubing, special 
alloy steels, or non-ferrous metals are 
required for the screw machine product, 
material costs are likely to favor the 
die-casting. Ingots for castings are 
lower in cost than corresponding non- 
ferrous wrought alloys. 


Waste IN Scrap is lower with the die- 
casting than for the screw machine prod- 
uct because the former is produced close 








to actual size, with holes cored and wiih 
diameters as required. Gates, spruces, 
flash and chips, as well as rejects ire 
remelted and reused without substantial 
loss. Whether bars or tubes be used ‘or 
the screw machine product, considerable 
metal is usually machined away. Steel 
scrap has a low value or none at all. 
Non-ferrous scrap sometimes brings 
about one-third of the cost of the 
wrought material. Although scrap sal- 
vage may pay for the cost of machining 
on the piece, the loss is still an impor- 
tant factor in over-all cost. 


Macuininc Costs for either product de- 
pend, of course, upon the number and 
character of operations needed to meet 
specific requirements. Machining, how- 
ever, always represents a considerable 
part of the cost of the. screw machine 
product. Primary operations, however, 
are done rapidly and at low cost. Sec- 
ondary operations may cost as much or 
more than on the die-casting. Die-cast- 
ings, on the other hand, always require 
flash removal and often machine opera- 
tions done on the part increase the cost 
considerably. 

Zinc alloys and magnesium alloys 
used in die-castings machine as freely 
as brass in wrought form. Some alumi- 
num alloys also machine freely, but 
others are intermediate in machining 
properties, as are some die-cast brasses. 
Certain brass die-castings are rather 
hard to machine. In general, the differ- 
ences in machining properties of die- 
castings and of non-ferrous wrought ma- 
terials are slight, but for average pieces 
die-castings machine more freely than 
the ferrous materials used for screw 
machine products. 


Conc.usion. Many factors should be 
weighed in arriving at a choice as be- 
tween die-castings and screw machine 
products. Specific requirements often 
bar the use of one or the other. How- 
ever, when either can be used, prices 
should be secured on both and then the 
one selected which promises to meet 
general requirements best. Study of the 
accompanying specific examples may 
provide some indications as to the 
weight to be assigned to the various 
factors. 

Existing conditions in the metal work- 
ing industry have prevented the author 
from securing more specific or an equal 
number of examples giving comparative 
costs favorable respectively to the screw 
machine product and to the die-casting. 
If accompanying examples appear more 
favorable to the die-casting than to the 
screw machine product, this is a coinci- 
dence and not intended since repeated. 
though unfruitful, efforts were made to 
secure examples in which costs are more 
favorable to the screw machine product 
than are those in the examples cited. 
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Threaded retainer ring with holes 
for spanner wrench was initially pro- 
duced on a screw machine at a cost 
of 18 cents per piece; no data as to 
material used or tooling cost is obtain- 
able. The ring is now die-cast in lots 
of 1,000 at a cost of 3.5 cents per piece. 
The two-cavity die used cost $98. On 
the die-cast part, a 16-pitch thread is 
cut on the outside diameter at a cost 
of 1.5 cents per piece, making the total 
cost 5 cents per piece. No other ma- 
chining is needed. Neither the die-cast- 
ing nor the screw machine product re- 
quires an applied finish. The chief ad- 
vantage claimed for the die-casting is 
its lower cost. 
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Sprocket with hub originally pro- 
duced by screw machine from brass 
pinion rod in lots of 33,000 at a cost of 
1.7 cents per piece, of which 1 cent rep- 
resented the cost of material. Nickel 
plating cost 4 cents per pound. When 


redesigned to avoid the undercut neck, 
the piece was die-cast in zine alloy, 
using a two-cavity die costing $205. 
Piece cost was thereby reduced to 0.7 
cents; black nickel plating is applied 
costing 2 cents per pound. Redesign 
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saved $100 on the first order for 33,000, 
besides paying for the die, and $300 on 
each subsequent reorder. Drilling and 
tapping of setscrew hole in hub is 
understood to have been included in 
the cost figures given above. 


Ratchet wheel with hub is produced 
in die-cast form from zinc alloy in lots 
of 10,000, the piece price including all 
machining required being 3.9 cents, the 
weight being 1.04 oz. Production is in 
a six-cavity die, five of the cavities being 
for other small parts of the same ma- 
chine, produced simultaneously. An es- 
timate, made by the screw machine de- 
partment of the same company which 
produces the die-cast part, of the cost of 
manufacture by screw machine from 
free machining steel costing approxi- 
mately 4 cents per lb., in lots of 5,000 
is 10.3 cents each. This includes supple- 
mentary drilling operations and gang 
milling of teeth. In the die-casting the 
teeth are formed in the casting opera- 
tion, but flash has to be removed. 
(Continued on next page) 
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Spark plug shell of standard 14-mm. 
size is produced from S.A.E. X1112 steel 
13/16-in. hex bar stock, costing 4.5 
cents per pound, in multiple-spindle au- 
tomatic screw machines at the rate of 
900 pieces an hour. In lots of 10,000 
the cost is 3.75 cents per piece, and the 
application of a blued finish costs $1.25 
per 1,000 pieces extra, making the total 
cost 3.87 cents per piece. If tooling cost, 
which is $50, be added the total cost 


in lots of 10,000 is 4.37 cents per piece. 
A die-caster estimates that this shell, 
produced in S.A.E. 903 zinc alloy cost- 
ing 10.25 cents per pound, will cost 2.5 
cents per piece in lots of 10,000, with- 
out an applied finish. Die-casting would 
be done at the rate of about 500 pieces 
an hour using a two-cavity die estimated 
to cost $255. The piece price includes 
removing the flash and chasing the 
thread as supplementary operations. To- 
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Hollew tapered plug produced in a 
multi-spindle screw machine from 
S.A.E. X1112 steel bar, costing 4.5 cents 
per pound, at a net cost of 7.76 cents 
per piece in lots of 100,000, or 10.52 
cents per piece in lots of 10,000. The 
piece is finished in one cycle of the 
machine except for removing the burr 
thrown into the hole by cut-off tool, 
which requires a supplementary opera- 
tion included in the stated cost. Data 
on tooling cost is not given, but if a 
figure of $50 be set arbitrarily, the total 
cost including tooling would be 7.81 
cents per piece in lots of 100,000 and 
11.02 cents per piece in lots of 10,000. 
Including an allowance of 4% in. of 
metal for cut-off, approximately 0.95 
pound of steel per piece is required. A 
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die-caster gives the following estimate 
on producing this piece from zinc alloy 
costing 10.25 cents per pound, the ap- 
proximate net weight per piece being 
0.30 pound, making the material cost 





tal cost, including die cost, for 10,000 
die-cast shells is thus 5.05 cents per 
piece. If, in both types of part, piece 
cost remains unchanged and lots of 
100,000 were required, the total cost, 
including tooling, would be 2.75 cents 
per piece for the die-cast shell and 3.92 
cents per piece for a shell produced on 
the screw machine. The screw machine 
product would be stronger and prob. 
ably slightly smoother, and would also 
withstand higher temperatures in sery- 
ice. Spark plugs with die-cast shells, 
however, have been used successfully 
at least on an experimental scale in 
water-cooled engines. Although the steel 
shell weighs 7% ounce in finished form, 
it requires 344 ounces of hex steel rod 
costing 0.983 cents to produce it, no 
allowance being made for a small credit 
for scrap recovery. As against this, the 
die-cast shell would require 34 ounce of 
zinc alloy, costing 0.481 cents, with 
scrap loss substantially nil. Thus, al- 
though the steel costs less than half as 
much per pound as the zinc alloy, the 
larger amount of steel required brings 
the material cost per piece to more than 
double that for the die-cast piece. 


slightly lower than for the steel used in 
making the screw machine product. The 
piece price, presumably including profit, 
is 7.0 cents per piece in lots of 10,000 
and 6.75 cents in lots of 100,000. The 
charge for a two-cavity die for casting 
this piece is $295, making the total 
cost, tooling included, 9.95 cents per 
piece in lots of 10,000 and 7.045 cents 
per piece in lots of 100,000. Included 
in this price is the cost of cutting the 
recess back of the thread and facing the 
adjacent shoulder as well as chasing 
the external thread and tapping the in- 
ternal thread for Class 2 fits. Machined 
surfaces would be as smooth as for the 
screw machine product, but other sur- 
faces would have a normal die-cast 
finish. 
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Steel pin, used in a hinge joint, was 
heat-treated to 150,000 Ib. per sq.in. 
and had a spacer shrunk on the center 
portion. The spacer was heated to about 
800 deg. F., slipped over the pin and 
allowed to shrink in place. Failures 
began to occur in the pin at the end of 
the spacer even at nominal loads for 
which the pin was presumably over- 
strength. An analysis of the problem 
indicated that the shrink fit produced 
a peak stress of some 70,000 to 80,000 
lb. per sq.in. in the pin at the end of 
the spacer thus reducing the assumed 
strength by half. This problem was 
solved by forging the pin and upsetting 
the center portion to get the desired 
spacer effect, then heat-treating the pin 
to 150,000 Ib. per sq.in. tensile strength. 
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Forged side red on a locomotive failed through fatigue 
cracks which started in the weld at one end of the stop-plug. 
The plug hole was drilled diagonally with the object of 
reducing concentrated stresses, but evidently there were 
highly concentrated stresses either within the weld or at the 
line of the first threads. The welding was done with an 
acetylene torch, which may have left residual stresses. To 
prevent failures of this kind, careful welding is necessary. 
Also, in drilling and tapping, the surfaces are left in a work- 
hardened condition, creating a starting point for fatigue 
cracks. This work-hardening should be removed by heating 
the surface up to 1,100 deg. F. Also avoid sharp edges. 
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Thin sheet metal top rounded section of the cover for a 
dry cleaning washer was originally joined to the cylindrical 
side section by soldering. However, after the parts were 
enameled, pin holes showed up in the enamel along the full 
length of the seam. The flux used in the soldering job was 
causing the pin-holing, investigation disclosed. Since it was 
difficult to remove the flux without expensive procedure, seam 
welding was adopted for joining these two parts, and no more 
trouble was experienced. 


BIGGEST PROBLEM in starting aircraft 
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engines is not when cold, but rather 
when the engine is hot. One light engine 
manufacturer found a 6-volt battery ade- 
quate for laboratory tests, but it failed 
to start a hot engine in service. Little 
improvement resulted from mounting 
the battery near the starter so as to 
decrease voltage drop. Consequently, 
experiments were made with 8, 10 and 
12-volt batteries. The 12-volt system 
finally adopted gave positive cranking 
even when the engine was too hot to 
operate properly after starting. 
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of $3 for each example published in Causes 
and Cures. Where illustrations are necessary, in- 








clude drawings, rough sketches or photographs. 
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Thermoplastic extrusions, some of which are helically coiled around forms, rods or wire by the Schwab and Frank process 


EXTRUDED PLASTICS 
New and Unusual Die-Formed Shapes 


HE POSSIBILITY of shortages 

in metal strip has recently fo- 

cused designers’ attention on con- 
tinuously extruded plastics. Although 
not new, the extrusion process has un- 
dergone considerable development in 
the past year. Shapes in almost any 
length, ranging from flat strips, rods, 
tubes to pieces of various cross-sections, 
are now available. 

Almost any thermoplastic can be ex- 
truded provided proper equipment and 
technique is employed, but to date the 
principal materials extruded are cellu- 
lose acetate, cellulose acetate-butyrate, 
ethyl cellulose and vinyl acetate. Choice 
of material depends on equipment, serv- 
ice factors and cost. 

With cellulose acetate it is possible 
to extrude strips from which blanks can 
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be immediately stamped for subsequent 
swaging or fabrication as required. The 
particular advantage of the procedure 
is that the scrap from the strips can be 
granulated and fed again into the hop- 
per of the extrusion machine, making 
the utility value of the material substan- 
tially 100 percent. Scrap from pur- 
chased plastic sheeting, on the other 
hand, has a market value representing 
only a fraction of original cost. 
Cellulose acetate-butyrate 
about one-half as much moisture as that 
absorbed by cellulose acetate plastic. It 
contains less plasticizer for a given flow 
than does cellulose acetate material, 
thus providing superior dimensional sta- 
bility of the extruded product, particu- 
larly under conditions of varying tem- 
perature and humidity. 


absorbs 


Best results in extrusion are obtained 
with relatively hard flowing material; 
the harder the flow the quicker the 
set-up. The hardness of flow and the 
effectiveness of the cooling device will 
determine the concentricity of the ex- 
truded plastic tubing. 

As the illustrations show, extruded 
shapes often have “tracks” of channel 
shape or C-shape to receive other parts. 
Rolled metal strips are sometimes ap- 
plied after extruding to add strength 
and stiffness, to provide fastening means 
or to prevent warpage of the part in 
service. 

Tracks can be on the exposed side of 
the strip to receive plated or polished 
metal or extruded plastic strips in 4 
contrasting color. A great variety of 
decorative combinations can be secured 
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in this way. Another and promising 
application is the use of extruded plas- 
tic inserted in slots formed in rolled or 
extruded metal sections. The extruded 
plastic, being flexible, can be bent or 
shaped to various contours. 

Fastening is done in various ways. In 
one type, a metal strip is held in an in- 
tegral track on the back of the extruded 
plastic. The metal is punched to form 
prongs. Corresponding holes in the 
panel receive the prongs. An alterna- 
tive is to provide threaded studs with 
flat elongated heads that fit the track. 
The studs can be slid along to conform 
to hole spacing. The elongated head 
prevents the stud from turning in the 
track. If the back of the panel is not 
accessible or a snap fastening is de- 
sired, spring clips made from wire are 
used in place of threaded studs. These 
clips spring outward after passing 
through the holes; they can be obtained 
in shapes which make possible removal 
of the extruded strip when the back of 
the panel is not accessible. See P.E. 
April 1941, page 211 for other typical 
fastening means. 

All plastic extrusions have a smooth 
surface with a high polish precisely as 
if produced in a polished mold. Extru- 





sions can be supplied cut to length or 
in continuous coils. Flat or slightly 
crowned strips supplied in rolls can be 
woven into highly decorative panels, 
chair seats, back rests, pedestal cover- 
ings and the like in one or more colors. 

Thin, narrow extrusions can be coiled 
around tubes or rods to give rope-like 
effects in one or more colors. Helical 
coils of this type are used on flexible in- 
sulated wires, such as telephone re- 
ceiver leads, to prevent kinking and to 
protect against abrasion. Similar coils 
are useful over flexible or stiff tubing of 
metal, paper and the like, or over rods 
of any material in circular or other sec- 
tions. If the plastic coil is transparent 
or translucent, the polished core shows 
through the plastic and adds sparkle 
and beauty to the assembly. 

Extruded tubes have been recently 
used for a %% in. O.D. aircraft conduit. 
Since the tubing is transparent, the 
wires can be seen. The tube acts as an 
insulator, is easily bent for assembly 
and light in weight. In another applica- 
tion, transparent tubing is used in place 
of glass for soda syphons in bottles. 


Tennessee Eastman Corporation Another extruded product used for 
Extruded cellulose acetate butyrate table coil forms has a circular hole 0.015 in. 
molding and decorative strips in diameter and a three-point  star- 
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Detroit Macoid Corporation 


Typical extruded plastic sections which are now available in almost any thermoplastic material 
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shaped exterior. One end of the coil 
wire is brought through the central hole 
and the remainder of the wire is wound 
on the edges or points of the star-shaped 
strip. Extruded plastic has also been 
applied over a wire central core, as is 
done in rubber-covered wire. In one 
case the material is opaque white to 
match the enamel of a refrigerator shell. 
The extrusion hides the joint between 
two curved sheet steel panels. After a 
length is pulled taut around the recess, 
the wire ends are bent inward to form 
hooks which hold the strip in place. 
Extruded T-shapes or others can be 
applied to hide joints in any panel as- 
sembly or to provide finished edges or 
decorations on many products where, 
heretofore, metal or wooden moldings 
usually have been applied. 

Although extrusion requires the use 
of a die, such a die costs only a small 
fraction as much as does a mold for 
shaping plastic by press molding. Die 
cost depends on the size and shape of 
section to be extruded, and has ranged 
from $30 to $125 for most extrusions 
produced up to the present time. 


Extruded moldings for panel joints suitable for walls, tables and cabinets. 


is cellulose acetate 
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Case Histories In Patent Law 


(Epitor’s Note: The purpose of these 
Case Histories is to give a better under- 
standing of the patent law in the public 
interest. The author advises that actual 
cases should be submitted to your own 
patent attorney.) 


NO. 22 
How is infringement determined? 


Answer: The first step in determining 
infringement is to get a clear under- 
standing of the mechanism or process 
which is suspicioned of being an in- 
fringement. Infringement actions usu- 
ally arise through the complaint of 
salesmen of an organization about a 
competitor’s activities and such com- 
plaints are habitually inaccurate. So 
the first step is to get at the facts to see 
just how the apparatus is made, how it 
operates and what it does. 

The second step is then to submit this 
very complete showing preferably with 
photographs and drawings to a patent 
lawyer who will then compare the 
claims of your patent with the apparatus 
or process of the perspective defendant. 
To constitute infringement all of the 
elements of the claims must be used by 
the infringer. This does not mean that 
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all of the elements of the construction 
must be called for by any one particu- 
lar claim. The rules for interpretations 
of claims are numerous and difficult. 
The meaning of the claim must be deter- 
mined in the light of the prosecution of 
the patent application in the Patent 
Office because a claim cannot be con- 
strued broadly enough to cover an in- 
fringer if, during the prosecution of the 
application, a claim to the same effect 
was voluntarily cancelled by the in- 
ventor or his attorney. Then too the 
lawyer must take into account the state 
of the prior patents because obviously a 
claim of a patent cannot be safely con- 
strued broad enough to cover an in- 
fringer if such a construction would 
cause a claim to read upon the prior art. 

Nothing is more dangerous than to 
assume infringement simply because the 
claim on its face reads upon the defend- 
ant’s construction of process. This is 
only the beginning of the investigation. 
The mere fact that the language seems 
to read on the defendant’s construction 
may be just a fortuitous circumstance 
without there being any actual meaning. 

After infringement is thus deter- 
mined, the next step is to notify the 
defendant requesting him to cease his 


infringement. If he does not do so, then 
adequate steps can be taken in bring- 
ing a suit in the United States Court 
that has jurisdiction over the defendant. 
If the patent covers an apparatus or an 
article of manufacture the recovery will 
date either from the date of giving writ- 
ten notice or from the date when the 
number of the patent was placed upon 
the article made under the patent by 
the owner of it because the latter is a 
constructive notice to the infringer with- 
out the constructive figure of actual 
written notice. 

It*has been held by the courts that 
in the case of a process patent the re- 
quirement of a statutory notice does not 
apply because obviously you cannot 
mark an intangible thing. 

In Wagner v. Corn Products Refining 
Co., 28 F. (2d), 617, it was stated: 

* . . It is clear that section 4900, as 
well as its predecessors, imposing the 
duty to give notice, constructive oF 
actual, is limited to tangible things, viz 
‘patented articles-—things that can be 
marked or labeled. A process. as ordi- 
narily understood, is not an article, and 
cannot be made to carry the prescribed 
notice. Its very character defies it being 
marked or labeled.” (P. 618) 
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STAINLESS STEELS 


Effects of Additions on Properties 


STANLEY P. WATKINS 


Manager, Development Division, Rustless Iron and Steel Corporation 


nickel, which are the principal al- 

loying elements in stainless steels, 
other elements are added to improve 
existing properties or impart special 
characteristics such as free-machining 
qualities. The several types of stainless 
steels produced by varying the number 
and proportions of the alloying ele- 
ments, however, can be classified into 
three groups according to their analyses 
and heat-treating characteristics. Table 
I shows the analyses of the stainless 
steels in the three groups. 

Group I—Straight chromium stain- 
less steels hardenable by heat-treatment. 

Group Il—Straight chromium steels 
practically non-hardenable by _heat- 
treatment. 

Group III—Chromium nickel steels 
hardenable by cold work only. 

In general, although the percentage 
added is small, each special alloying 
element is quite potent in producing 
new properties or modifying the orig- 
inal properties of the stainless steel. 
The more important effects produced by 
the various special alloying elements 
when added to the stainless steels are 
discussed in the following paragraphs. 


I ADDITION to chromium and 


CARBON—This element, since it is in- 
variably present in all grades, is not 
ordinarily regarded as a special alloy- 
ing element of the stainless steels, never- 
theless, its effect on the properties of the 
stainless steels is of such importance as 
to deserve special consideration. The 
general effect of carbon is to increase 
the hardness and tensile strength of the 
stainless steels, and if present in consid- 
erable amounts, will adversely affect 
corrosion resistance, particularly, if the 
metal is not in the proper structural 
condition. Maximum corrosion resist- 
ance is obtained when carbon is in solu- 
tion, which to effect, necessitates rapid 
cooling from above about 1,750 deg. F. 
for most grades. However, increasing 
chromium and nickel tends to minimize 
this effect. The effect of carbon content 
on the quench hardness of 12 percent 
and of 18 percent chromium stainless 
steels is shown by the curves in Figs. 1 
and 2. When the chromium content is 
more than about 23 percent and the 
carbon under about 0.50 percent, the 
alloy cannot be hardened by _heat- 
treatment. 

In the straight chromium hardenable 
grades of stainless steel, carbon is very 


effective in regard to raising quench 
hardness and tensile strength. This is 
evidenced by typical tensile and hard- 
ness values of both high and low carbon 
grades in this group. 


Type 410 Type 420 


0.12 C 0.35 C 
12.00 Cr 12.00 Cr 


Ult. strength 
lb. per sq.in..... 200,000 255, 
Brinell hardness. . . 401 : 


0 


” 
Ue 


1S 
i) 


~ 
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Type 430 Type 440 


0.10 C 1.00 C 
17.00 Cr 17.00 Cr 

Ult. strength 
lb. per sq. in.... 130,000 285,000 
Brinell hardness. . . 240 627 


In addition, raising the carbon con- 
tent in the straight chromium harden- 
able grades lowers resistance unless 
they are in the full hardened condition. 
For example, in the case of the 0.10 
percent carbon and 12 percent chro- 
mium grade of stainless steel, there is 
not a great deal of difference in corro- 
sion resistance between the annealed 
and the full hard material. However, as 
the carbon content increases in this 
alloy to 0.35 percent, the resistance to 
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Pig. l—Effect of carbon content on the quench hardness as ex- 
hibited by 12 percent chromium stainless steels 
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Fig. 2—Effect of carbon content on the quench hardness as 
exhibited by 18 percent chromium stainless steels 
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Table I—Effect of Alloy Additions on Stainless Steels 





GROUP I—STRAIGHT CHROMIUM STAINLESS STEELS—HARDENABLE TYPES 


























Tyee No. | & Mn Si S | Cr Ni WwW 

| | 
a -|—— - — —__—_— | | - | —_———_ = 

7 
_ ae era ee | 0.15 max. | 0.25/0.60 0.50 max. 0.03 max. | 11.5/13.0 | 0.50 max. | ee 

| 

a see | 0.15 max. | 0.25/0.60 0.50 max. | 0.03 max. | 10.0/14.0 0.50 max. eee 
__ re oe oe | 0.15 max. | 0.25/0.60 0.50 max. | 0.03 max. | 10.0/14.0 | ee (ee 
re re 0.15 max. 0.25/0.60 0.50 max. | 0.15 min. | 12.0/14.0 0.50 max. Bow 
_. SET rae en 0.15 max. | 0.25/0.60 0.50 max. | 0.03 max. 12.0/14.0 2.5/3.0 

| es ae FS Ne Ses Berets 
gS 0.40 max. 0.25/0.60 | 0.50 max. | 0.03 max. | 12.0/14.0 a a 
MMM cookie caiossiany 0.15 max. 0.25/0.60 | 0.50 max. | 0.03 max. | 14.0/18.0 2.0 max. Fy Rerersia bit cede 
__ eee 0.60/1.10 0.25/0.60 0.50 max. 0.03 max. 14.0/18.0 0.50 max. | tg Pa aera 
| Ee eee 0.15 min. | 0.25/0.60 0.50 max. | 0.03 max. | 14.0/18.0 2.0 max. | ior eee 
GROUP II—STRAIGHT CHROMIUM STAINLESS STEELS—NON-HARDENABLE TYPES 

Tyee No. c Mn Si Ss Cr NI 

RRS Fo 370 a Gia eten) 0.12 max. 0.25 /0.60 0.50 max. 0.03 max. 14.0/18.0 0.50 max. 
MEN cc a ineeas 0.12 max. 0.25/0.60 0.50 max. 0.15 min. 14.0/18.0 0.50 max. 
NN =< dyes teas Shares 0.35 max. 0.25/0.80 1.0 max. 0.03 max. 18.0/23.0 0.50 max. 
SEE TREE 0.35 max. 0.25/0.80 1.0 max. 0.03 max. 23 .0/30.0 0.50 max. 


























GROUP III—CHROMIUM-NICKEL STAINLESS STEELS—HARDENABLE BY COLD WORK ONLY 
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attack by corrosion is -materially low- 
ered if material is in the annealed con- 
dition. It is necessary, therefore, that 
this type of alloy be in the full hard 
condition in order to develop maximum 
corrosion resistance. Tempering up to 
750 deg. F. to relieve hardening strains 
will not affect corrosion resistance. 

Increasing carbon content of the 
straight chromium stainless steels tends 
to lower machinability, especially when 
in excess of about 0.30 percent. With 
carbon greater than this value, hard ce- 
mentite particles are present which are 
abrasive to cutting tools. 
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In the chromium-nickel grades of 
stainless steel, a high carbon content is 
usually considered detrimental in mate- 
rials that are to be welded, or in mate- 
rials that are to be subjected in service 
to temperatures ranging between 750 
and 1,600 deg. F. This is because the 
solubility of carbon in the chromium- 
nickel stainless steels is quite low— 
approximately 0.02 percent. Carbon in 
excess of this amount is precipitated out 
along the grain boundaries when alloys 
of this type are heated within the above 
range for extended periods. Also, the 
heat generated by welding is sufficient to 


precipitate carbides to a harmful de- 
gree. Since material containing exces 
sive carbide precipitation is subject to 
intergranular attack when exposed to 
severe corrosive conditions, the carbon 
content is maintained as low as is con- 
sistent with economical manufacturing 
operations. Experience has shown that 
if the carbon content is maintained 
below 0.08 percent in the chromium- 
nickel stainless steels, that such mate 
rials are satisfactory for welding opera 
tions and also many high temperature 
applications. 

If the carbon is in solution. effected 
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by quenching from above about 1,850 
deg. F. in the case of the 18-8 alloys, 
it is not detrimental from a corrosion 
standpoint, providing of course, the 
material is not subjected to the range 
of 750-1,600 deg. F. in service. Conse- 
quently, it is not so important that such 
material be held to a low carbon 
content. 

On the other hand, test data show 
that carbon is helpful in improving the 
tensile strength of the 18-8 alloys in the 
annealed conditions. 


Type 302 Type 304 
0.15.C 0.05 C 
18.00 Cr 18.00 Cr 
8.00 Ni 8.00 Ni 
Ult. tensile strength 
lb. per sq.in...... 100,000 90,000 
Yield point 
lb. per sq.in...... 38,000 33,750 
Elongation 
percent............. 62.0 60.5 
Brinell hardness... . 146 159 


The influence of carbon on the cold 
working characteristics of 18-8 stainless 
steel wire is shown by Fig. 3. The effect 
of increasing carbon is to increase work 
hardening rate. 


MANGANESE—As a general rule the 
commercial straight chromium stainless 
steels do not contain large amounts of 
manganese, frequently there is not more 
than 0.30—-0.60 percent in these alloys. 
Rarely does the manganese exceed 1.50 
percent. Increasing the manganese 
above about 3 percent in the 12-14 per- 


cent chromium stainless steels serves to 
increase tensile strength and hardness 
but decreases elongation. In addition, 
the corrosion resistance of such alloys 
is reduced if more than 4 percent man- 
ganese is present. 

Low carbon, 18 percent chromium 
stainless steels containing about 6 per- 
cent manganese, are relatively soft, duc- 
tile and tough. Increasing the man- 
ganese content to 8-10 percent improves 
these properties further, and if it is 
raised to about 14 percent, ductility is 
improved slightly. Low carbon alloys 
containing 18 percent chromium and 
8-10 percent manganese are not wholly 
austenitic, even when rapidly cooled 
from 1,850-1,950 deg. F. However, with 
manganese in the neighborhood of 14 
percent and the carbon content fairly 
high, a fully austenitic structure is ob- 
tained by quenching from about 1,900 
deg. F. Like the austenitic 18-8 stain- 
less steels, these alloys are softened by 
rapid cooling from temperatures in the 
1,850—2,100 deg. F. range. 

In the annealed condition, the 18 per- 
cent chromium-10 percent manganese 
stainless steels possess good resistance 
to atmospheric conditions, and while 
they resist attack by a large number of 
industrial chemicals, they are not so 
resistant to so great a variety of cor- 
roding media as the 18 percent chro- 
mium-8 percent nickel stainless steels. 
However, they offer adequate resistance 
to fruit and food juices, and weak solu- 
tions of such acids as nitric, carbolic 





and lactic. Similarity to the austentic 
chromium-nickel stainless steels, the 18 
percent chromium-10 percent mangan- 
ese alloys when exposed to sensitizing 
range 750-1.600 deg. F., are subject 
to intergranular corrosion. 

Although manganese in the straight 
chromium stainless steels, and in the 
lower chromium-nickel analyses such as 
18 percent chromium-8 percent nickel, 
is maintained generally below 1.0 per- 
cent, experience has shown that in the 
higher chromium-nickel steels such as 
25 percent chromium-1l2 percent nickel 
and 18 percent chromium-8 percent 
nickel-3 percent molybdenum, miaintain- 
ing the manganese above 1.50 percent in 
these grades materially improves hot 
working properties. 

The addition of manganese to the 
straight chromium stainless steels im- 
proves welding properties and in the 
case of alloys containing about 18 per- 
cent chromium-10 percent manganese, 
welding characteristics are similar to 
the austenitic chromium-nickel stainless 
steels. 


SILICON—In almost every way the 
effect of silicon on the structural prop- 
erties of the straight chromium stain- 
less steels is the reverse of that pro- 
duced by nickel. Silicon in amounts 
greater than about 1 percent in the 
hardenable types of these alloys reduces 
air hardening capacity and raises the 
temperature to which the steels must be 
heated to effect full hardening. In addi- 
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Fig. 3—Influence of carbon content on the cold work hardening 


characteristic of 18-8 stainless steel wire 
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Fig. 4 —Difference in work hardening characteristics between 
low and high alloy 18-8 stainless steel wire 
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Physical Properties of Heat-Treated Rustless 16-2 
Size 1"$ Condition: Hardened 1800°F-Oil, Tempered 4Hours-Air 
Heat No. C. Mn. P. S. Si. Cr. Ni. Mo. 
18173 0125 0.67 0.024 0.016 0.34 16.18 182 0.30 
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Fig. 5—Properties obtainable in a 16 percent chromium and 2 percent nickel stainless steel with various tempering procedures 
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tion, when silicon content exceeds about 
] percent the impact strength of these 
alloys is materially reduced. 

The general corrosion resistance of 
the straight chromium stainless steels is 
not materially improved by the addition 
of silicon. However, it has been ob- 
served that silicon in the amount of 
about 1.25 percent improves the resist- 
ance of a 13 percent chromium stainless 
steel to attack by sulphuric acid solu- 
tions. The chief advantage accruing 
from the addition of silicon to the 
straight chromium stainless steels is to 
increase resistance markedly to oxida- 
tion at high temperatures. An alloy 
having about 3 percent silicon will show 
very little, if any, oxidation when ex- 
posed to temperatures around 1,650 deg. 
F., whereas, a similar alloy with silicon 
under 0.50 percent will be heavily oxid- 
ized when exposed to such temperatures. 

Silicon improves the oxidation resist- 
ance of the austenitic chromium-nickel 
stainless steels, and is most effective in 
this respect when present in amounts 
above about 2 percent. This amount of 
silicon does not materially affect tensile 
properties, although there is some evi- 
dence that impact strength is lowered. 

The resistance of the austenitic chro- 
mium-nickel stainless steels to cold 
dilute hydrochloric acid and hot dilute 
sulphuric acid is improved by the addi- 
tion of about 3 percent silicon. How- 
ever, resistance to nitric acid is de- 
creased by silicon. It has been observed 
that a high silicon content in the 18-8 
stainless steel improves resistance to 
intergranular corrosion, and such mate- 
rial has been used for applications in- 
volving welding. 


NICKEL—Although nickel in the 
straight chromium steels is usually less 
than 1 percent, a group of alloys con- 
taining from 12 to 18 percent chromium 
and 1 to 3 percent nickel have received 
considerable attention, primarily for air- 
craft construction. An alloy containing 
about 0.12 percent carbon, 16 percent 
chromium and 2 percent nickel is a 
heat-treatable alloy which, as shown by 
Fig. 5, can be hardened and tempered 
to obtain a wide range of tensile 
properties. 

Raising nickel content in the straight 
chromium stainless steels serves to in- 
crease hardenability, tensile strength 
and impact strength. Also, the addition 
of above about 1 percent nickel to these 
alloys renders them air hardening, and 
such material should be slowly cooled 
from the rolling or forging heat. Nickel 
serves to increase the corrosion resist- 
ance of the straight chromium stainless 
steels, particularly to salt spray and 
atmospheric conditions. The toughness 
of these alloys is increased by nickel, 
hence, machining is more difficult. 
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Increasing nickel in the 18-8 stain- 
less steels above the normal range in- 
creases corrosion resistance, and tends 
to reduce cold working capacity. As the 
nickel is increased, as shown by Fig. 4, 
the susceptibility to harden by cold de- 
formation is reduced. Low work hard- 
ening 18-8 is highly desirable for appli- 
cations involving cold upsetting, but 
not so suitable for making high tensile 
material by cold rolling or drawing. 


MOLYBDENUM—The addition of this 
element to the straight chromium stain- 
less steels serves to increase general 
corrosion resistance, and especially im- 
proves resistance to attack by weak solu- 
tions of the common acids. Amounts as 
low as 0.50 percent will effect definite 
improvement in corrosion resistance, but 
full effect is obtained with about 2 per- 
cent. The hardenability of these alloys 
is reduced by molybdenum, and machin- 
ability improved. 

Molybdenum in the austenitic chro- 
mium-nickel stainless steels increases 





do not work harden as rapidly as those 
free of this element. Also, the presence 
of free ferrite causes these alloys to be 
slightly magnetic. 


TITANIUM—A useful property of tita- 
nium is to reduce the hardening ca- 
pacity of the straight chromium stain- 
less steels, and thus render them more 
suitable for welding operations. In 
order to produce this effect, titanium 
should be present in a ratio of 5 to 7 
times the percentage of carbon. Tita- 
nium does not improve the corrosion re- 
sistance of the straight chromium stain- 
less steels; however, it slightly increases 
both oxidation resistance and creep 
strength. 

When added to the austenitic chro- 
mium-nickel stainless steels, titanium is 
said to “stabilize” the carbon and thus 
to reduce susceptibility to intergranular 
corrosion. Titanium is present in the 
commercial grades to the extent of five 
times the carbon content and in addi- 
tion the alloy is generally given a 
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Fig. 6—Effect of 65 percent boiling nitric acid test on sensitized 18-8 alloys. 


Note 


how low carbon and titanium improve resistance 


resistance to attack by the common 
acids, and reduces tendency to pit when 
exposed to chloride solutions. To be 
effective, the molybdenum should be 
above about 2 percent in these alloys. 
The addition of molybdenum does not 
materially alter tensile properties at 
normal temperatures, but does serve to 
improve creep and tensile strength at 
elevated temperatures. 

Since molybdenum promotes forma- 
tion of the ferritic phase in the austen- 
itic chromium-nicke] stainless _ steels, 
alloys containing above about 2 percent 


“stabilizing” treatment consisting of 
heating in the range of 1,550—1,650 deg. 
F. for about 3 hr. Titanium improves 
the resistance of 18-8 stainless steels to 
attack by boiling nitric acid when 
heated in the “sensitizing” range as 
shown by Fig. 6. The general corro- 
sion resistance of these alloys is not 
improved by the addition of titanium, 
but toughness and corrosion resistance 
at elevated temperatures is increased. 

Although titanium bearing 18-8 
stainless steel is highly satisfactory for 
welding, the alloy in the form of weld- 
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ing rod is unsuitable, as in welding the 
titanium is oxidized and the resulting 
weld metal is not immune to intergrap- 
ular attack. Plates and sheets of this 
material should be welded with colum- 
bium bearing weld rod. 


COLUMBIUM—When this element is 
present in the straight chromium stain- 
less steels in amounts 8 to 10 times the 
carbon content, hardenability is consid- 
erably reduced and the tendency to air 
harden is largely overcome. The cor- 
rosion and oxidation resistance of these 
alloys is improved somewhat by the 
addition of columbium. On the other 
hand, tensile strength at normal tem- 
peratures is reduced. 

A large tonnage of 18-8 stainless 
steels containing columbium in_ the 
amount of about 10 times carbon con- 
tent is used for fabricating equipment 
by welding. which is subsequently ex- 
posed to severe corrosive conditions or 
subjected to temperatures in the range 
of 750-1550 deg. F. The effect of 
columbium in these alloys is said to be 
similar to that of titanium, in that it 
“stabilizes” carbon and thus minimizes 
the tendency for intergranular corrosion 
to occur. However, unlike titanium 
bearing 18-8, it is not necessary to give 
columbium bearing 18-8 a “stabilizing” 
heat-treatment if the columbium-carbon 
ratio is above 10 to 1. Also in welding, 
columbium is not oxidized to the same 
extent as is titanium, thus making it a 
highly satisfactory addition to 18-8 
welding rods. 

The general corrosion resistance of 
the austenitic chromium-nickel stainless 
steels is not improved by the addition 
of columbium. Tensile properties at 
normal temperatures are somewhat im- 
proved, provided the columbium is 
maintained in the proper ratio. Tough- 
ness at elevated temperatures is im- 
proved by columbium. 


SULPHUR AND SELENIUM—These 
elements when present in amounts be- 
tween 0.15 and 0.35 percent impart free- 
machining and non-galling characteris- 
tics to stainless steels. Molybdenum to 
the amount of 0.40 percent is generally 
added in combination with sulphur and 
approximately 0.15 percent phosphorus 
with selenium. The _ selenium-phos- 
phorus combination is not generally 
added to the straight chromium stain- 
less steels, as sulphur and molybdenum 
impart better machining properties in 
these grades. Both combinations are 
added to the 18-8 stainless steels, but 
the sulphur-molybdenum combination 
is more effective as regards imparting 
free-cutting qualities, whereas, the sele- 
nium-phosphorus grade while not so 
easily cut yields a more lustrous finish 
after machining. 
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Fig. 7—Comparative resistance of the 18-8 free-machining grades and two regular 
grades to a dilute mixed nitric and sulphuric acid solution at room temperature 


Sulphur and selenium slightly reduce 
elongation and impact strength to the 
stainless steels, but otherwise tensile 
properties are not changed materially. 
The free-machining stainless steels are 
somewhat more difficult to hot work 
than the regular grades, and also oxida- 
tion resistance is slightly reduced. Gen- 
eral corrosion resistance, such as ex- 
posure to the atmosphere, fruit and food 
juices, is not materially affected, but 
these elements do reduce resistance to 
hot acid solutions. Fig. 7 shows the 
comparative resistance of the 18-8 free- 
machining grades and two regular 
grades to a dilute solution of nitric- 
sulphuric acid. 


OTHER ELEMENTS—In addition to 
the elements discussed which are the 
more important ones, other elements 
such as aluminum, copper, nitrogen and 
tungsten are added to the stainless 
steels to obtain various special proper- 
ties. These alloys are not used to any 
great extent, hence they are not pro- 
duced in large tonnages, such as are, 
for instance, the grade _ contajning 
columbium. 

In the straight chromium stainless 
steels aluminum reduces hardenability, 
and when present to the amount of 
about 1 percent, the medium carbon 
12 percent chromium alloys do not 
harden appreciably even when quenched 
from above 1,850 deg. F. Impact 
strength is reduced by aluminum, but 
oxidation resistance is improved consid- 
erably. Also, electrical resistance is in- 
creased and at elevated temperatures 
aluminum increases resistance to attack 
by oxygen and other gases. 


The effect of copper additions on the 
properties of the stainless steels have 
been studied extensively in this country, 
But such alloys have not been produced 
in quantity. In the case of straight 
chromium stainless steels, copper 
slightly increases resistance to attack 
by sulphuric and hydrochloric acids, 
and when present in appreciable 
amounts improves machinability. Cop- 
per in the chromium-nickel stainless 
steels produces much the same effect as 
when added to the straight chromium 
grades. With copper above about 3 per- 
cent the chromium-nickel grades are 
difficult to hot work. 

Nitrogen in the medium carbon 
straight chromium stainless steels serves 
to increase hardenability and in this re- 
spect acts much the same as carbon. 
This effect is not accompanied by em- 
brittlement or by reduced resistance to 
corrosion. In the high chromium alloys, 
18 to 30 percent, nitrogen serves to 
retard grain growth at elevated tem- 
peratures. 

The hardenability of the straight 
chromium stainless steels is not affected 
by the addition of tungsten, but 
strength at elevated temperatures is in- 
creased. Corrosion resistance is not im- 
proved, in fact, resistance to nitric acid 
is decreased. 

Tungsten in the 18-8. stainless 
steels improves strength and resistance 
to creep at elevated temperatures. 
Amounts above about 4 percent make 
these alloys difficult to hot work. This 
element also serves to improve oxidation 
resistance and to increase hot hardness; 
properties which are both highly de- 
sirable for combustion exhaust valves. 
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JOGGING CIRCUITS 


For Inching Machines With Motor Drives 


J. H. LEWIS 


Industrial Control Engineer, General Electric Company 


LECTRIFICATION of drives for 
machines is now employed to 
such an extent that a working 

knowledge of electrical circuits by engi- 
neering designers is a necessity. Basic 
principles are. in general, well under- 
stood. Some misunderstanding still ex- 
ists. however. as to what is meant by 
“jogging” and as to how this operation 
can be best accomplished. “Jogging,” or 
“inching” as it is sometimes called, is a 
minor but basic requirement of control 
that is frequently necessary for the suc- 
cessful performance of many machines. 
The National Electrical Manufacturers’ 
Association has prescribed that: 


“‘Jogging or ‘inching’ is the 
quickly repeated closure of the 
circuit to start a motor from rest 
for the purpose of accomplishing 
small movements of the driven 
machine.” 


A study of this definition indicates 
that it is immaterial whether the con- 
trolling means for the drive allows the 
motor to continue operating at a slow or 
reduced speed. or whether it allows the 
motor to accelerate to its base speed. 
Confusion exists at this point beeause 
some designers believe a slow speed, 
during which the motor does not accel- 
erate, constitutes jogging. Others be- 
lieve that even though the motor ac- 
celerates, jogging is still obtained. It is 
true that jogging action may be ob- 
tained from a control which permits 
either of these types of motion by the 
motor through the proper operation of 
the jog button. This is evident from the 
N.E.M.A. definition, since the objective 
of the jogging action is to secure small 
movements of the driven machine by 
starting the motor from rest for each 
“jog.” 

In terms of performance a circuit 
which allows the motor to run at slow 
speed gives a “creep” or “thread” op- 
eration. A good example of an applica- 
tion of this type of circuit is in the cloth 
printing machine. shown in Fig. 1. 
which is driven by an adjustable speed 
d.c. motor. A maintained slow speed is 
essential when threading the cloth 
through the rolls and when inspecting 
the pattern “fit.” Control for this type 
of operation is usually special as some 
means for applying and maintaining 
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reduced voltage to the motor is required. 
The panel consequently will be larger 
and more expensive than that required 
for straight jogging control. For the 
purposes of this discussion, jogging only 
as defined by the N.E.M.A. will be con- 
sidered hereafter. 

Jogging is required in order to bring 
a tool up to the work, or the work up 
to the tool, in fine increments for line-up 
or adjustment. It is, therefore. vitally 
necessary that the control performing 





this operation be reliable. When the jog 
button is pressed the operation must 
start, and when the button is released 
the operation must stop. Safety to the 
operator and to the machine demand 
this. It is easy to understand how the 
work or the tool may be damaged by 
failure to stop. Likewise it is possible 
to visualize what might happen to a 
boring mil] operator when working in- 
side a casting for set-up, should he jog 
the table up to the tool and the table 





Fig. 1—Pushbutton stations and control panel on a range-drive cloth-printing machine 
driven by an adjustable speed d.c. motor 
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Fig. 2—Symbols and legends used in accompanying schematic diagrams to denote circuit elements 
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Fig. 3—Jogging circuit in which is included a separate control relay and in which the line contactor is not “held in” so that when 
set for jogging all possibility of the machine continuing to run is eliminated 


fail to stop. On the other hand, of 
course, not every machine which must 
be jogged involves a hazard to the op- 
erator or to the machine. But if injury 
or damage can result from continued 
running of the machine when the op- 
erator intended to jog only, then some 
safe method of jogging must be used. 
To insure safety, the “sealing” or “hold- 
ing” circuit for the contactor applying 
power to the motor must be positively 
opened when the jog button is released 
by the operator. 

Several simple and reliable methods 
of jogging will be described and illus- 
trated with schematic circuit diagrams. 
The symbols used in the circuit dia- 
grams are shown in Fig. 2 with ex- 
planatory legends. 

The safest method of jogging uses a 
separate control relay as shown in Fig. 
3. Wired up in this manner, there is no 
“hold-in” circuit for the line contactor. 
The line contactor LE picks up when 
the jog button is pressed and drops out 
when the button is released. The control 
relay CR is not energized for this opera- 
tion; so there is no possibility of acci- 
dentally maintaining a holding circuit 
to LE. A normal start operation ener- 
gizes the CR relay which in turn ener- 
gizes LE. This circuit is also used when 
operation from small pendant push but- 
tons is required, because of the small 
tip gap present in these stations and the 
inherent difficulty of making a satisfac- 
tory latch, and in addition the possi- 
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Fig. 4—(A) Jogging button station with safety latch ix normal position. (B) in posi 


tion for jogging the machine 


bility of the are maintaining itself 
across the small gap. 

In order to hold open mechanically 
the normally closed contacts when the 
button is pressed, jog buttons are avail- 
able with latches. This construction can 
be seen in Fig. 4(A) and (B). In Fig. 


4(A) the jog button is in the normal 


position with the normally-closed con- 
tacts closed and the latch released. In 
Fig. 4(B) the jog button has been 
pressed and the latch has engaged, as 4 
result the normally-closed contacts are 
mechanically prevented from closing. 
The latch is spring biased, that is spring 
opposed so that even though the button 
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may continue to be operated, the latch 
will engage each time the button is re- 
leased. 

A frequently used control shown in 
Fig. 5, in which a jog button with a 
latch is used, provides an effective and 
reliable circuit. When the jog button 
is pressed the LE contactor picks up, 
and its “hold-in” interlock LE 1-2 
closes. A holding circuit is not main- 
tained, however, as the jog button cir- 
cuit 4-1 is open and mechanically held 
open until the latch is released. After 
the latch is released manually, circuit 
4-1 closes and normal start may be ob- 
tained. Inasmuch as this circuit has one 
less relay and fewer wires between the 
pushbutton and panel, the control will 
be less expensive than that shown in 
Fig. 3. In addition the control panel 
will be smaller. This is sometimes an 
advantage especially when the control is 
built into a machine. 

The arrangement shown in Fig. 6 will 
provide reliable jogging action if the 
operator selects the proper position on 
his two position selector switch. In this 
circuit a “run-jog” maintaining contact 


selector switch is in series with LE 
“hold-in” circuit 4-2. With the selector 
set on the jog position, the “start” but- 
ton may be operated for jogging and no 
chance exists for the “hold-in” circuit 
to be maintained. Normal operation is 
secured by setting the switch on “run” 
and operating the “start” button. The 
“start” button has a dual function in 
this circuit as both a “start” and a “jog” 
button. This is not considered good 
practice as it may lead to incorrect 
operation. The recommended procedure 
is to have a push button for each func- 
tional operation of the machine. 
Another circuit shown in Fig. 7 will 
provide jogging. But experience has 
shown that an operator, who is intently 
watching the results of the jogging 
action of his machine, will operate the 
jog button rapidly. As a result, it is 
possible for the back contacts 4-1 of 
the jog button to close before the “hold- 
in” interlock LE 1-2 has opened. 
Should this occur, the machine will con- 
tinue to run and injury to the operator 
or damage to the machine may result. 
An expedient to secure infrequent 


jogging can be obtained with a “start- 
stop” pushbutton connected as shown 
in Fig. 8. Alternately operating the 
“start-stop” button gives jogging action 
to the machine. Another method, using 
the same circuit, consists of holding 
both buttons depressed and working the 
“stop” button in and out. The “start” 
button must be released before the 
“stop” button after the jogging cycle is 
completed. It must be remembered that 
this is an expedient and not a recom- 
mended control circuit. 

These control circuits are basic and 
applicable to more involved circuits, 
either a.c. or d.c., which provide re- 
duced voltages, specific torques, or other 
special requirements from the driving 
motor. The designer should select the 
method he will use to control the ma- 
chine when he first considers his circuit 
requirements. 

The circuits shown in Figs. 3 and 5 
are most frequently used, and are in 
constant and successful use on a large 
number of different types of machines. 
For maximum safety, the method shown 
in Fig. 3 is recommended. 
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Figs. 5, 6, 7, 8—Typical jogging circuits used to obtain small movements of motor driven machines 
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R. 3. 


The Garlock Packing Company 


BEARING seal units made in sizes to 
press-fit in S.A.E. or International milli- 
meter bores as standardized by ball and 


roller bearing manufacturers are avail- 


APPLYING 


HINKLE 


ment is its own cap and thus contrib- 
utes to low-cost design, construction and 
assembly, and reduces the number of 
parts. Various applications show ver- 


able as purchased units. The seal ele- satility of design with this type seal. 
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RUBBER SPECIFICATIONS 


Standardized Tests for Determining Service Life 


ECAUSE of manufacturers’ re- 
luctance to divulge data on 
compounding recipes, the user 
seldom is able to discover for himself 
what particular type of rubber he is 
using. Chemical analysis will not or- 
dinarily reveal the original compound. 
About all that the user can do is to 
measure certain physical properties 
and these may or may not be pertinent. 
The Durometer reading has been the 
only standard of hardness or stiffness 
in common use. However, with this 
device, two instruments might vary as 
muck: as 12 points on the scale or two 
operators might find variations of sev- 
eral points between their readings on 
the same sample with the same in- 
strument. In addition, the method of 
determining hardness by point pene- 
tration has been found to be a poor 
measure of the actual hardness or 
stiffness as indicated by deflection and 
torsional tests of finished parts. 
Tensile test as a criterion of quality 
has been found deceptive in that the 
slabs used are usually laboratory cured 
and in most cases cured to the point of 
maximum tensile strength. Actual 
production parts might be cured to an 
entirely different point to secure other 
necessary properties. Thus the tensile 
value indicates only the maximum 
which could be secured from the com- 
pound under ideal conditions. Of 
course, elongation varied with tensile. 
The permanent set test, as taken 
from test slabs, indicates only opti- 
mum performance, for the same rea- 
sons as above. If the permanent set 
test slabs are furnished with higher 
cure than the tensile test slabs, test 
results will be inconclusive. For this 
reason, it is advisable to take the 
samples for both tensile and set tests 
from actual production parts. This 
can be done readily by turning the 
part for tensile test on a lathe and by 
cutting cross-sections for the set test. 
Such samples are more representative 
of the actual use condition of the ma- 
terial. Tensile values may be lower 
than those obtained from test slabs, 
partly because of the less perfect sur- 
face obtained and partly because the 
cures may be tighter than for slabs. 
In our experience, samples cut from 
the actual production part showed that 
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the load in lb. per sq. in. required to 
stretch the sample a given percent of 
the original length was a fairly good 
indication of the actual stiffness of the 
part. But the tests also showed con- 
siderable variations from the relative 
hardnesses obtained by Durometer test. 
It was evident that the two measured 
somewhat different properties of the 
material. We then began arbitrarily 
to specify a value, called the “300 
percent modulus”—the load in lb. per 
sq.in. required to stretch the sample 
four times its original length. This 
modulus was found to be quite differ- 
ent in stocks of the same Durometer 
number but of different composition. 
Some compounds were called “high 
modulus” and others “low modulus,” 
depending on the relation between the 
“300 percent modulus” and the Durom- 
eter hardness. This method served 
to limit the number of compounds 
which would meet the particular speci- 
fications. However, it was slow and 
destructive, and it only served to indi- 
cate how good the piece was which we 
did not use; nothing was known of 
those which we did use. 

A new instrument designed to re- 
place the Durometer, based on the 
same general method, but refined to 
eliminate the variables and inaccur- 
acries inherent in the old design, was 
developed by the Gogan Machine Cor- 
poration. It is a modification of the 
Brinell hardness tester, adapted to the 
testing of bushings by actual deflec- 
tion under load. This equipment is 
unique in that it employs a magnetic 
circuit to operate the deflection indi- 
cator. Dead weights are used to load 
the sample, although a similar machine 
can be made using hydraulic piston 
loading. 

In operation, the part is placed be- 
tween smooth steel surfaces, and a 
crank lifts the sample until it sup- 
ports a minor load of 10 kg. or 22 lb. 
At this point a contact is closed, and 
an armature which depends from the 
indicator is held tightly by a magnet. 
As the sample is further lifted, a sec- 
ondary load, varied to suit the part 
being tested, is also lifted, and the de- 
flection resulting from the application 
of the secondary load is read. This 
method eliminates the error caused by 


the slip of the rubber on the support- 
ing surfaces under small loading, and 
compensates for the variation in height 
of the part. The reading taken repre- 
sents the “rate” of deflection, which is 
a measure of the true stiffness of the 
part. The speed of load application 
has practically no effect upon the re- 
sult. Variations, however, between the 
first and succeeding applications, are 
constant for any particular part and 
compound, and so may be allowed for. 
As a standard, the reading on the third 
loading, after the secondary load has 
been imposed for 3 sec., is used. For 
production checking, the first reading 
may be taken with proper allowances. 

After some experimentation, this 
method has been adopted as a stand- 
ard to replace the Durometer criterion 
of stiffness. The SAE-ASTM Joint 
Technical Committee on Rubber Speci- 
fications has done further work on the 
method and has tentatively established 
engine mounting stock standards which 
incorporate a similar method of test, 
both for use on actual parts and on 
samples 4 in. x 1 sq.in., cut from 
slabs. These stocks are to be graded 
according to this test. Both series 
of experiments have indicated that for 
the present a tolerance of plus or 
minus 15 percent on the deflection of a 
given sample is commercial. Recent 
checks have shown that closer control 
than this is feasible when extra care is 
used. 

In the above test, allowance must be 
made for the age of the sample. With- 
in the first week after cure, stiffness 
may increase from 10 to 20 percent. 
Samples should be rechecked one week 
after curing. Temperature will also 
make some difference in certain com- 
pounds. It has been found that at 158 
deg. F., some stocks will be stiffer and 
others softer than at room tempera- 
tures. With the deflection method for 
hardness, checks can readily be made 
on a given stock to determine its prop- 
erties at elevated and reduced tem- 
peratures. This is of importance in 
many applications where close control 
on the operating conditions is essential. 

Means are thus available for check- 
ing the stiffness of the sample, and its 
resistance to set, in parts actually used. 
The tensile test is the only remaining 


Propuct ENGINEERING 





re 
nd 
or. 
ird 
1as 
‘or 
ing 
eS. 
his 
nd- 
ion 
pint 
eci- 
the 
hed 
Lich 
test, 
on 
rom 
ded 
ries 
for 
or 
of a 
‘cent 
ntrol 
re is 


st be 
With- 
tness 
‘cent. 
week 

also 
com- 
t 158 
r and 
\pera- 
\d for 
made 
prop- 

tem- 
ce in 
ontrol 
ential. 
check- 
ind its 
» used. 
aining 


RING 





check needed to furnish a criterion 
which would represent service life. 
For applications such as compressed 
rubber joints, for spring shackles, and 
linkages, where torsion is the most 
important factor, the tensile strength 
has, within broad limits, no direct re- 
lation to service life. 

It was found that some compounds 
which had the highest tensile failed, 
while others with lower tensile per- 
formed far better. Therefore an oscil- 
lation test was set up which dupli- 
cated as far as possible the basic use 
of the material. A spring shackle 
bearing was loaded to 600 lb. per sq. 
in., with dead weight load, the eye was 
oscillated over an included angle of 
30 deg. for 18 hours at the rate of 
275 r.p.m. Readings were taken of 
the initial deflection under this load, 
the maximum deflection at the end of 
the test, and the “set” after the load 
was removed. Visual examination de- 
termined the type of wear and degree 





of failure. It was observed that the 
maximum wear occurred in the first 18 
hours, after which little further wear 
occurred for long periods. Therefore, 
the 18 hour accelerated test has been 
adopted as standard, rather than a test 
run to complete failure. 

This test shows variations among 
compounds which are in no way re- 
lated to the tensile, elongation, set, or 
other ordinarily specified properties. 
It is a measure of the flexing proper- 
ties, combined with abrasion resist- 
ance. The resilience of the stock 
will, of course, affect the maximum 
deflection and wear. Thus it serves as 
a service type test which measures a 
combination of properties. The rub- 
ber is made to do what it is required 
to do in service and the ability of the 
material to do so is graded in direct 
terms. Samples are made to the size 
of bushings most widely used for 
shackles, and oscillation tests, set tests 
and tensile tests, for record purposes, 


Electro-magnetic Gogan rubber compression testing machine 
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are made from these samples. Specific 
gravity is also checked. 

Since it is not possible te determine 
the compound used, the problem arises 
of insuring uniform quality. In gen- 
eral, a check of the specific gravity 
usually shows up cases of mixed com- 
pounds. The actual value of specific 
gravity is not important, but the 
amount of variation is. 

The greatest variation after com- 
pounding is in the cure. Fortunately, 
an under-cure causes a much greater 
drop in the stiffness, so the deflection 
test serves as an excellent check on 
cure. The set test also indicates this, 
as the set falls off rapidly with under- 
cure. The set test requires 22 hours. 

These three checks, together with 
periodic life tests, should thus serve as 
good production control procedures, 
affording much better control than can 
be obtained by requiring the supplier 
to furnish at intervals test slabs cured 
in the laboratory. 

The oscillograph, as developed by 
Dr. Felix Yerzley of DuPont Labora- 
tories, shows promise of adding useful 
checks on rubber propert::s. In this 
test, a load is dropped on the sample 
and the resilience measured by the 
height of rebound. The equipment per- 
mits of static loading tests, dynamic 
deflection tests, damping tests, and 
hysteresis checks. The resilience val- 
ues obtained have correlated well with 
the results of Flexometer and heat 
generation tests. 

In arriving at proper stock selection 
and specification the compound recipe 
would be of great value to the user. 
In general, however, some data have 
been forthcoming regarding the types 
of compounds used. Compounds such 
as carbon black, accelerator, and anti- 
oxidant, all run to fairly definite classi- 
fications, and all affect the result. 

In addition, cure variations have to 
be considered. The test methods sug- 
gested nave tended to make the com- 
pounders confine their efforts to rather 
definite channels, and have served to 
aid in securing similar compounds from 
various suppliers. It is still heresy 
in some places to mention “soft” and 
“hard” carbon blacks, and the user 
will not usually know what type of 
accelerator has been used, so that 
specifications must be designed to limit 
the number of compounds for any par- 
ticular specification and make each 
specification cover a definite usage. 

It is to be hoped, however, that with 
the increased cooperation between users 
and manufacturers in such work as 
the S.A.E.-A.S.T.M. committee, a more 
definite type classification will be 
established and thereby simplify the 
selection of suitable compounds for 

given special applications. 
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CRANK MECHANISM MOTIONS 


New Methods for Their Exact Determination — IT 


articles, which appeared in June 

Propuct ENGINEERING, the approxi- 
mate and exact forms of the principal 
equations of the crank-connecting rod 
mechanism were presented and con- 
structions of velocity and acceleration 
curves were shown. In this article will 
be given greatly simplified equations for 
the exact computation of motion of 
this mechanism. In spite of the fact 
that these equations give exact results, 
they are easier to compute than are 
the approximate equations. 

Since several references are made to 
tables and illustrations in Part I, it 
will be convenient to have June P.E. 
at hand while following Part II. 


L THE FIRST of this series of 


Vaes’ exact principal equations. 
By elimination of a and 6 in Equations 
(1) to (4) one can get a direct relation. 
ship between displacement, velocity and 
acceleration of the piston. This was the 
way F. J. Vaes derived his form of 
principal equations. In order to sim- 
plify his formulas he measured the dis- 
placement not from the head-end dead 
center D,, but from the center M of the 
crank. If, as in Fig. 11, we call this dis- 
placement é, we obtain, with our sym- 
bols, the exact principal equations in 
the following forms: 





pe i (10) 
“°Vetp 
(._ sere 


Hence, the slope of the acceleration- 
curve is found to be as follows: 


un = 

- ~ dx dé 

,(,_meree-®) 
tan 6 = — or (: - merrire &) (12) 


Equations (10) to (12) are taken 
from the excellent treatise by Vaes in 
which they are utilized for a complete 
and thorough analysis of the crank 
mechanism. Vaes’ analysis can be found 
in the treatise “Etude Mathematique 
due la Transmission par Bielle et Mani- 
velle” which appeared in Extrait des 
Annales de Il’Ecole Polytechnique de 
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Delft, Tome VIII, pg. 114-192, pub- been until now almost entirely unknown 
lished by E. J. Brill, Leiden, Nether- in American, English, and German engi- 
lands, 1897, which is the French trans- neering literature. 

lation of the original written in Dutch, The above equations by Vaes use the 
published in Tijdschrift van het Konin- piston’s displacement as the _ initial 
klijk Institut van Ingenieurs, 1890-91, value. Thus there is a hint that their 
pg. 63-80 and 1891-92, pg. 52-58. Un- application may be especially advan- 
fortunately, this outstanding treatise has tageous in the case frequently occur- 
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Fig. 10—Method of locating the Fixed Point F with respect to 90 deg. position of the 
crank, thus graphically obtaining V and 3. The scale of the connecting rod angular 
velocity “g is established by letting length r represent » of the crank. 


Fig. 11—The triangle FB'D is always isosceles. The simple Equations (14), (15) and (16) 


can be read directly from the figure. The scale of piston velocity c is established by 
letting the length r as drawn represent rw of the crank 
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ring wherein the piston’s displacement 
is the given magnitude. For practical 
) numerical computations, however, a 
transformation of Vaes’ formulas, devel- © Fixed point 
oped below, will permit an even sim- 
pler calculation. 
Simplified exact equations. New 
computing method based on the au- 
thor’s discovery that every crank mech- 
anism has a geometrical fixed point F, 
the significance of which is explained in 
Figs. 10 to 14. If we designate y the an- 
gle, as in these figures, then we can show 
“— all magnitudes to be computed as sim- 
- ple functions of this new variable only. 
This exact method of computation is 
the given for the first time in Tables IV and 
tial VI. It may be noted that if we substitute 
_ for tan B in Table VI, 
an- 
cur- re v\? __ ' 
Ay ? 
7 the only independent variable is the 
parameter y¥. This substitution, how- 
ever, would decrease the simplicity of 
the formulas. 
The simple relation between the new 
independent variable y and the former 
Fig. 12—All of the circular arcs pass through 
point F. The centers of these arcs are at the 
vertical projection of the crankpin center upon 
the horizontal, such as the center B’. The arc 
Fig.14 radii are the length of the projection of the 
connecting rod upon the horizontal, for the cor- 
responding crank and rod positions (example: 
radius p = B'D) 
Fig. 13—Velocity of slider B’ moving with simple 
— harmonic motion, is the horizontal component 
vy = rw sina of the crankpin velocity. The 
different velocity c of the piston is caused by 
additional motion of the connecting rod 
i Fig. 14——-Equivalent isosceles mechanism for an- 
7 ~ alysis of motion replaces the connecting rod of 
No slip-- B' Fig. 13. Piston moves in the same way as in Fig. 
13, if slider B’ is given the previous motion 
in 
+ sll shown in Fig. 15 while Equa- Table IV—Constants of Crank Mechanism 
tions (13) to (22) of Table VI illustrate 
the shortest way of computation. Also | 
for the slope of the acceleration NoTaTION | SYMBOL Equation | ILLUSTRATION 
curve we get now a less involved | > ae ee 
¥ eet Connecting Rod Ratio........ »A | A#- - 
da | 
mm s= = Distance of Fixed Point....... f f=VP—-Pr=lV¥1—X _ | Figs. 10-12 
‘ a : 
aie E +s (: - és) - ’] (23) Ratio of Fixed Point.......... wy | hen L «ji-® 
r of - The new form of expression of the ‘ 
ange principal equations has the further ad- Radius of Auxiliary Circle 1... Ri R, = £ =I? | ; ia 
vantage over the formulas in Tables II | | ian | Figs. wets - 
ind (16) and III in that each value deter- ‘Shod y | 
ished by mining the position of the mechan- Radius of Auxiliary Circle 2... Re R, = A aes | Fig. 18 
ism can be utilized immediately as the | me 
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initial magnitude. For instance, if the 
displacement of the piston is the given 
magnitude, then the new method is even 
simpler than the approximate equations 
of Table II. The following examples 
illustrate the procedure: 


PROBLEM 1. For an airplane motor of 
3,000 r.p.m. the radius of the crank is 
r = 0.21 ft. and the length of the con- 
necting rod is 1 = 0.7 ft. The accelera- 
tion of the piston at 20 percent of its 
stroke is required. 


SOLUTION: 


Constants of Mechanism: 


f=vVP—r = V0.7?— 0.212 = 0.66776 ft. 








2 0.49 
R, = i = 0.66776 = 0.73380 ft. 
mn  3,0007 | 
ia iin wie 314.16 rad/sec. 


Piston Displacement: 


xz = 0.20X2r = 0.20X2X0.21 = 0.084 ft. 
€é=r+l—2=0.21+ 0.7 — 9.084 





= 0.826 ft. 
Angle of Fixed Point’s Ray: 
v_§— _ 0826 _ 
cotan 4 0.66776 ~ 1.2370 
y 7 © eel 440 
Si 38° 57’ 11 
y = 77° 54’ 22" 


Piston’s Acceleration: 

w (& — Re sin® y) 

(314.16)? (0.826 — 0.73380 sin® 
a G2 2”) 

= 13,817 ft./sec.? 


a 





Table V—Slope of the Mction Curves 





Slope 


Plotted against piston 


Plotted against crank 
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Acceleration curve... . .| 
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displacement x angle a 
oo re 
| = ~ di’dr sc "da dt da « 
a | saatcenitn - 
7” da dt_j _da_da dj 
a a aa. Le ae 





The values a, c and j may be taken from Table II (June P.E.) or Table VI 
For tan 6 use final Equations (6) or (12) or (23) 
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Fig. 15—Typical ~—« diagram. See Figs. 10 and 11 and Equation (13) in Table VI. 
Limiting dead center values > and ¥1 are given by cos ¥o= and cos ¥1s5.—=— 
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Fig. 16—New graphical construction for obtaining the piston acceleration. For the 
magnitude of R, see Table IV. The numbers indicate the successive steps in the con- 
struction. The method shown here uses the fixed circle of radius R, and the auxiliary 


lines 34, 4.5, 5-6 are perpendicular to either M-2 or M-D 
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Note: For comparison try the solution 
by using one of the former methods as 
given in Table II. 


PROBLEM 2. Using the data of Prob- 
lem 1, one may compute the position 
and angular motion of connecting rod. 


Angular Displacement: 





nein J Pa 0.66776 
lsin y 0.7 sin 77° 54’ 22” 
= 0.97560 
‘-B = 12° 41’ 0” 
Angular Velocity: 
wg = — weos Y =—314.16 cos 77° 54’ 22” 


= — 65.82 rad/sec 
Angular Acceleration: 

€g = w* sin? y tan B 
(314.16)? sin? 77° 54’ 22” tan 12° 41’ 
21,237 rad/sec’ 


PROBLEM 3. Using the data of Prob- 
lem 1, the velocity of the piston and the 
position of the crank can be computed. 


ll 


Velocity of the Piston: 
= —wtans 
= 0.826 X 314.16 tan 12° 41’ 
= 58.40 ft/sec 
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| 
Table VI—Simplest Exact Formulas for Practical Computations ft. and w = 314.16 rad/sec. (from 
— : Problem 1) the procedure of computa- 
PART OF pisceamed VALUE | SyMBOL EQUATION | No. — i 2 shown in the accompanying 
“ tabulation on page 378. 
7 Angular f Note: The x and a values for a = 
Crank Stisleonaees a ee aes | (13) 0°, 90° and 180° may be easily checked 
by using the special formulas of Table 
hg y VII. 
} Displacement § € = f cotan cy (14) Tangents of curves of motion. 
rt tz=Il+r—¢ (15) The slope of the “undistorted” curves 
— - of motion is given in the exact equa- 
Vides _ dx 5 tions of Table V. Because the values 
Crosshead —— iui [come (16) plotted on the abscissas and ordinates 
ith ee ae of the motion curves are of different 
a = o (§ — Resin® y) (17) dimension, the curves are “undistorted” 
a” dies aes ve de only if the same scale is selected for 
dt —— (:-35) (18) both the unit of the abscissas and the 
cos* B a unit of the ordinates. If the scales are 
| a not the same, the curves are distorted. 
Increase of — aa a a Fig. 1, for instance, is undistorted, 
Acceleration |/~ a \j= -od +3( 1:4, Joos | (19) while in Fig. 5 the ordinates have only 
| sinned half of the scale necessary for this 
_— | sin = Asinae | (2) purpose. The motion curves over a in 
Ror <tmmen f Vy Fig. 2 would be undistorted if we 
- eee a cae: x ae ) —reatithene tated tie Sinan Me 
— | | equal to the circumference of the crank- 
| —— — dB | pin circle. 
- Rod | Angular Velocity |w , = i O,=—wcey | (21) Curves of motion obtained by graph- 
| at ical construction are usually undistorted 
| — dw while this does not generally hold true 
Angular _ 2 — ; : . 
| Acceleration | €g~ —q@ | 8 ~ @ SI” y tan p (22) for semi-graphical constructions. 
For distorted curves, a factor must 
360° — be used for converting the slope cal- 
w= 39 8 the constant angular velocity of the crank. culated into the slope of the curve. This 
For constants f, \, \y, Ri, and Re of the mechanism see Table IV. applies to every acto ey for the slope 
—— The heavily framed equations are the Principal Equations. of the curves of motion presented, 
) Select the independent varibale y between the values Yo and yiso of the dead-centers given . Fortunately, such numerical evalua- 
le VI. by the equations: cos Yo = A; cos ys = — A tion is seldom needed in practical 
rN cases. The worth of the formulas is 
lution Angular Displacement of Crank: 
ods as r 
cos a = £ cotan y Fig.17 
f Prob- 
sosition = oso cotan 77° 54’ 22” Q, -— 
ng rod. = 0.68133 } finan d 
a = 42° 57’ 
Checking a by Equation (2) gives the 
22” same result. 
22 O 
PROBLEM 4: 
Some points of the acceleration-dis- 
placement diagram are to be computed 
° 54’ 22" for the crank mechanism given in Prob- Do — eee i 
lem 1. 
Head-end 180 | 
SOLUTION: oe hq | 
12° 41" For the dead centers find: | oad | 
cos Ys = A=0.3; Yo = 72° 30’ 33” |  Tangent~ --+-Tangent 7 
Viso = 180° — y. = 107° 29’ 27” | H | 
of — We are entirely free to select the ae Srete Be ~~~ | 
and 4 variable y between these values; how- ‘sdaiaimnel 1% Whiebiaihi. ins. Licaeeimanabaiana 
mputed ever, it simplifies the computation if 
every obtuse angle is chosen as a sup- 
plement of one of the selected acute Fig. 17—Application of graphical method shown in Fig. 16 to the dead-enter posi- 
angles. tions. Dashed circles can be replaced by dotted straight line (dead center ray). For 
With f = 0.66776 ft. r + 1 = 0.28 computations see Table VII. Note change of scale in checking constructions 
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Table ViI—Special Positions of Crank Mechanism 


Values of piston displacement and acceleration computed by the formulas in this table are used for the simplified construction of t! 




















deeper analysis and on the fundamental! 
general results already obtained by 
such methods. 

For a speedy and exact tracing of the 
a-x curve of acceleration, the special 
positions of the mechanism, shown in 
Table VII, are of immediate practical 
importance. The following statement 
can be made concerning the tangents 
of the motion curves in these positions: 





a-x Velocity Curve Figs. 1 and 19. 
1. At the dead centers D, and D,,, the 


c-x curve always has vertical tangents. 

2. For the 90 deg. position of the 
crank, a = 90 deg., the c—x curve’s 
tangent at P.. always passes through M, 
the crank center. 


a-x Acceleration Curve Figs. 1, 17, 19. 


3. The location of the dead-center ray 
Q.Q.s0 and of its intersecting point D, 
with the X-axis influences decisively the 
shape of the a—x curve. See Fig. 17. 

4. The tangents at the dead-center 
points Q, and Q.~ on the a—x curve in- 
tersect each other at a point H, which 
is always located on a vertical line 
through D,. See Figs. 4 and 17. 

The location of H can be easily com- 
puted from HD, = h. 

h = 3(\ —2’)r oe 

5. For the 90 deg. position of the 
crank, a = 90 deg., the tangent to the 
a-x-curve at Qs always is parallel to 
the dead-center ray. See Fig. 4. 

For an undistorted a—x curve the ray 
and tangent intersect the x-axis always 


at —45 deg. See Figs. 1, 17 and 19. 


Above statement 4, given here for the 
first time, is noteworthy in that it is 
valid even in cases where the a-—x 
curve of acceleration has one or two 
points of inflection. The extremely sim- 





Figs. 17, 19, and 4 are the application 
of the relationships expressed in state- 
ments 3 to 5, given above. 

Other applications of the slope equa- 
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ple graphical constructions shown in’ 


acceleration curve, as in Fig. 4. The value of \,; is computed from A; = yl — % 
Position of Crank Piston ' | Piston 
Mechanism ee eee Slope of a. . c Curve | Velocity 
a in deg. Displacement Acceleration 
; Head Dead 0 %m =O a =ro (1+ XA) tan 5)=—w (143 r\ (1- ») | ¢=0 
‘ Center — Dp | 
y a ae aaa, ee ea a al OO O OOO eee esses | 
= 1— dy a. P | 
90 deg. Position 90 Zo =r{1lt+ —" Q9 = —row — | tan 59 = — | €99 = rw 
4 | f | | 
i Crank Dead | | 
| Center — Djs 180 iso = 2r Qiso = —r ow (1—A) | tan di0 = o [1 —3 A(14+A) }! eiso = 0 
| | } | 
based rather on their applicability for Tabulating Calculation for Problem 4 


Select the obtuse angles ¥ as supplements of the acute values 


























| 
“ v | €=fetg | e=rtl—-& ja=o (€— Resin 
2 ae ee - | asin 
0 | 72°30°33” | 0.91 ft. 0 ft. | 26944 ft. /sec.2 
—_—— | —_—____ 
| 75° | 0.87024 0.0398 20622 
80° 0.79581 0.1142 9371 
85° | 0.72874 | 0.1813 | 326 
90° 90° 0.66775 | 0.2423 | = 6519 
a es eee Caan $$$ —$ 
95° 0.61189 0.2981 | — 11207 
100° 0.56031 0.3497 — 13872 
105° 0.51239 0.3976 — 14696 
180° | 107°29°27” | 0.49000 | 0.4200 | — 14508 


| 








Fig.18 
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Fig. 18—A second new method of graphical construction uses the fixed circle R: in 
order to obtain the piston acceleration. For the magnitude of R: see Table IV. 
Auxiliary lines 2-3, 3-4, 4-5 are perpendicular to either M-F or M-2 
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Fig.19 











Fig. 19—Simple graphical construction for the 90-deg. position. This construction gives 
directly the values of cw and aw as well as the coordinated tangents of the curves 
of motion. See Table VII for the equations to compute the quantities Cw and aw 


tions will be found in the sections in- 
vestigating maxima, minima, and points 
of inflection of the curves of motion. 


Graphical selutiens. Graphical 
methods may be used to replace or to 
check computations. A characteristic 
of all graphical methods is the cir- 
cumstance that the constructions can 
be made without paying any attention 
to the angular velocity w of the 
crank. Only after having finished the 
geometrical construction does the mag- 
nitude of » have to be considered. 
namely when fixing the scales of the 
required values. 

The needed scales always will bear 
a simple relation to the drafted length 
of r, the crank radius. Thus, for ex- 
ample, in Fig. 10 a simple graphical 
construction for the angular velocity 
w, of the connecting rod is shown. The 
scale of wg is determined after com- 
pleting the graph by having the length 
of the crank radius as drawn equal wo, 
the angular velocity of the crank. 

In Fig. 16 the ordinate c is the meas- 
ure of the piston velocity c. In order 
to get c in feet per second we have to 
introduce a scale determined by desig- 
nating rw of the crank equal to the 
length of the crank radius r, as drawn. 
This well-known construction can be 
seen in almost all engineering manuals. 

Much less known, unfortunately, is 
Mohr’s graphical construction of the 
piston acceleration, Fig. 1. In the 
length MN we find the vector of the 
acceleration a for the selected position 
of the mechanism. The scale for this 
vector is given by the relationship that 
ro’ of the crank is equal to the length 
of the crank radius as drawn. 

Two new graphical constructions for 
the acceleration, based on the exact 
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Equations (18) and (17), respectively, 
are given for the first time in Figs. 16 
and 18. Each employs a fixed circle, the 
radii of which, R, and R, are different 
from each other. See Table IV. The 
scales in both of the designs are the 
same as in Mohr’s construction; con- 
trary to Mohr’s, the new methods allow 
a construction also for the dead-center 
positions of the mechanism; Fig. 17 
shows this construction. 

The graphical methods, shown in 
Figs. 17 and 19, are for those special 
points, Qo, Qiso, and Quo, of the a—x curve 
of acceleration, which correspond to the 
dead-center positions and to the perpen- 
dicular position, 2 = 90°, of the mech- 
anism. These constructions, giving at 
the same time the tangents at Q,, 


Qi, and Qw», are extremely simple. 
In the range of the most usual cases, 
4<0.39, the a-x curve has no point 
of inflection, and these three tangents 
determine the character of the a—x 
curve. In this range the three tan- 
gents together with the dead-center ray 
incorporate the “circumscribed poly- 
gon” of the a—x curve, as in Fig. 4, which 
fixes the shape of the curve so accu- 
rately that often it may be unnecessary 
to determine any further points. 


Semi-GrRAPHIcAL METHOps. For greater 
convenience and accuracy it is advisable 
to make the constructions of the true 
tangents at Q,, Qis, and Q applicable 
to semi-graphical constructions, which 
do not need the drawing of the crank 
center. A further advantage of these 
methods is that one is entirely free in 
the selection of all scales so that the 
utilization of commercial coordinate 
paper (cross-section paper) and the 
direct use of their printed scales is 
possible. 

In Fig. 4 is shown the semi-graphical 
design of the circumscribed polygon of 
the true a—x curve. Only a few easy 
computations are necessary to find the 
inscribed values for constructions. In 
many cases, especially for A4<0.4, the 
two _tangent-constructed _ parabolas 
QQ and QwQi0, shown in Fig. 4, 
may alone give sufficient accuracy. 
though they are only approximations of 
the true a—x curve. 

When greater exactness is needed or 
when points of inflection occur, as in 
the range A>0.4, additional exact 
points of construction, as will be shown 
in Part III, may be preferred to the 
described approximate construction. 





Editor’s Note: The following correc- 
tions are to be noted in Part I of the 
June issue of Propuct ENGINEERING. 
In Equations (6) and (6A) of Table 
II the symbol % should be changed 
to 3. In Equation (6A) the symbol ) 
should precede cos a in the denominator. 

In Fig. 1 the two equal areas re- 


ferred to in the last line of the caption 
as shaded, are the two areas between 
the x-axis and the acceleration curve 
(Q,—Q* —S**—Q,~), the one above 
the horizontal axis and the other below. 

Table III is repeated here to indicate 
that B is a subscript rather than a mul- 
tiple of » and «. 


Table I1]—Equations for the Angular Motion of Connecting Rod 




















SYMBOL EQUATION No. 
Connecting Rod Angular Displacement... . . B sin 8 = A sina (2) 
Connecting Rod Angular Velocit ~ a = ~ei os | (7) 
onnecting ar Velocity.......... ae % 7 ~ohee | 
= —w cotana tan 6 | (8) 
| dw, | 
Connecting Rod Angular Acceleration. ..... e-= & = (w — w,) tan B | (9) 











The positive sign signifies clockwise rotation like that of the crank. 
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Total Load on Bolts 


RANSOM S. THOMPSON 
Chief Engineer, W oodbury Machine Company 


developed by Mr. Haessler: 


ee . , 
T= (<£;) "+e 


Total bolt tension 
initial tension on bolt 


where 


T = 
Ci 


do the least harm and not in an attempt 
to reduce the total stress. 

(3) Long bolts give no better condi- 
tion than short ones if the type of load- 
ing is the same in both cases and if the 
relative resiliency of the threaded sec- 
tions of the bolts is the same in both 





to investigate that condition. To take 
an extreme example, let « = 9 8. Now. 


for the full-shank bolt: 


: eS 
i T=—t+ v= 1.60 W 
) In the “Question and Comment” sec- Mr. Haessler on every one of the items and the stress is 1.60 F’/A. 
: tion for May, 1941, page 263, there mentioned in his further discussion on For the necked-down bolt, « = 11.25 
; appeared a discussion on “Total Load the subject: 8. and 
on Bolts” by Walter M. Haessler of the (1) Under the same load conditions, 
: American Car & Foundry Company. a “necked-down” bolt will be subject to 3W Ww en 
{ As Mr. Haessler’s treatment of this greater stresses than a bolt with a full eas a + 12.25 1.5816 W 
; problem is the first rational one I have shank. s 
i seen in print, I believe some further dis- (2) The bolts in the “big end” of and the stress is 
cussion of the matter is very much in conting rods are necked down in order 1.5816 W _ — 1.977 Ww 
order. The fundamental equation (1) to place the bolt resiliency where it will 084 "A 


It is noteworthy that no expression 
for bolt length appears in any of the 
above calculations. In such applications 
as connecting rod “big-end” bolts and 
cylinder head through-bolts, the stressed 
length of the bolt is equal to the stressed 


a es extension of bolt per unit length of the compression member and 
0 cases. : ; : 
; , ' ' : their relative spring rates are dependent 
8 = elastic compression of plate per (4) The improvement in the life of a of 
sath fool only on their relative cross-sections and 


W = load applied 
is identical in meaning with the one 
which I have worked out and have used 
for years in the solution of problems of 
this type. As I have considered a tight- 
ened bolt as an extension spring and 
the material on which the bolt is 
tightened as a compression spring, my 
own equation includes the values K, for 
the spring rate of the bolt in pounds per 
inch and K, for the spring rate of the 
compression member: 


E K: , 
T = o+( 28x) W 


Since the symbols K, and K, are in units 
of pounds per inch, they are really the 
reciprocal of Mr. Haessler’s « and 6 re- 
spectively (a and § being in units of 
inches per pound) and the two equa- 
tions are really the same. Further, the 
three deductions (a), (b) and (c) de- 
rived from this equation by Mr. Haessler 
in his discussion are correct with the 
exception of the very minor point that 
deduction (a) should read “If 6 = O, 
then T = C, or W, whichever is the 
greater, because the bolt tension will 
exceed the screw-up load if the applied 
load is greater than the initial tighten- 
ing load.” 

Despite our perfect agreement up to 
this point, I am forced to disagree with 
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the jackhammer cylinder head _ bolts 
after the adoption of long bolts was due 
to the difference in the relative resili- 
ence of the threaded and unthreaded 
sections of the different bolts. 

The matter of the stress in necked- 
down bolts can best be seen by an ex- 
ample. In tightening bolts that are sub- 
ject to the type of working load herein 
considered, it is customary to use a 
tightening load at least 50 percent 
greater than the working load. If a full 
shank bolt is tightened to this stress 
against a compression member whose 
area is equal to that of the bolt (and of 
the same material) we have the follow- 
ing load condition: 


B . 
W 
T= o+(; ts) 


Woy 
and the stress is - oe where A is the 
cross-sectional area of the bolt. If the 
bolt is now necked down until its cross- 
section area is 0.8A, so that « = 1.25 8, 
the following conditions result: 
ae : 
T => +5 og = 1.0440 
and stress is 1.944" /0.8A = 2.43 W/A. 
In practice, the area of the compres- 
sion member is usually much greater 
than that of the bolt, so it will be well 


their materials. Thus, a short bolt prop- 
erly designed and applied is fully as 
satisfactory as a longer one. 

The design of bolts for connecting rod 
“big ends” is a complicated problem. 
but the reason that they are necked 
down can be explained as follows: any 
bolt subjected to repeated stress is sub- 
ject to tensile fatigue failure at that sec- 
tion which stretches most under the ap- 
plied load. A full-shank bolt will con- 
centrate most of its flexure in the weak 
section at the root of the thread and 
may soon fatigue at that point. By 
necking down the bolt the flexure of the 
bolt is distributed over the shank, which 
is more able to resist fatigue failure 
thari the sharp notch of the thread. 

The case of the jackhammer cylinder 
head bolts is somewhat analogous. The 
short bolts were not subjected to any 
higher stresses than the long bolts, but 
the short bolts offered very little resili- 
ence except at the root of the threads. 


Running Around 
In Circles 
To the Editor: 


I wonder if some of your readers 
would be interested in deriving for 
mulas that will give correct answers 1 
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the questions proposed below. The 
answers are in dispute here. 

An automobile is running at a speed 
of n m.p.h. round a circular highway of 
radius d ft. (d ft., that is, from the cen- 
ter of the circle to a point halfway be- 
tween the two rear wheels). What is 
the angular speed in r.p.m. of each rear 
wheel relative to: 

(a) the ground, 

(b) the chassis of the car, 

(c) the other rear wheel? 


What, moreover, is the angular speed of 
the engine relative to the chassis, 
assuming that the engine is directly 
connected to the drive shaft? To avoid 
unnecessary complication assume (1) 
that the roadway is not banked and (2) 
that the center line of the rear axle 
remains perpendicular to the circle that 
any point on the center line describes. 
Exact, not approximately correct, 
formulas are desired. 
—WiuiaM H. RascHe 
Virginia Polytechnic Institute 























Grim Reaper Overtakes 
G. E. Goldfish 


To the Editor: 


Death, as it must to all fish, came on 
May 28 to the last of the three famed 
goldfish who worked for a living in the 
laboratory of the General Electric plas- 
tics department at Pittsfield, Mass. 
Death was attributed to loneliness. 

A year ago, the three goldfish became 
“employees” of the General Electric 
Company when it was found they could 
adequately save seven hours a week of 
a man’s time by devouring the algae 
which accumulated on the sides of a 
viscosity measuring bowl and which pre- 
vented chemists from watching reac- 
tions. (P.E. Nov. 1940, p. 503). 

After five months of faithful duty, 
goldfish No. 1 contracted a mysterious 
disease which caused “brown spots” and 
finally death. The death of No. 2 was 
more harsh. He got caught in a pipe 
leading from the bowl, injured his 
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back and “came to the top.” No. 3 died 
of loneliness. 

Dr. G. F. D’Alelio has made known 
that the fish will be replaced when the 
new G.E. plastics laboratory at 1 Plas- 
tics Avenue, Pittsfield, Mass., is com- 
pleted this summer. —K. G. Patrick 

General Electric Co. 


Adhesives *“*‘Custom Built’’ 
For Cementing Fabrics 


[Editor’s Note—In our article “Fasten- 
ing Methods for Flexible Sheet Mate- 
rials” (P.E. June 1941, p. 316-317), we 
dismissed adhesives by stating that 
examples of their application were too 
commonplace to deserve much space. 
Since then, we’ve received several let- 
ters from men acquainted with prob- 
lems of adhesives. In general, they 
agreed with us, adding the comment 
that each “stickum” problem must be 
treated individually. They seemed to 
feel that a little general information 
would be better than nothing, so here 
it is—excerpts from two letters. | 


To the Editor: 


An example of adhesion of cloth to 
felt is the grosgrain ribbon on edges of 
hat brims. A fusible resin composition 
is dissolved in a quick-drying solvent, 
applied to the felt and permitted to dry. 
the ribbon is then bonded to the brim 
with heat and pressure. The cement 
solution should have high viscosity so 
that penetration will be negligible. 

A wide variety of lacquer cements are 
used for attaching cloth to leather, glass, 
metal, cellulose-acetate sheets, wood. 
These cements generally have the dis- 
advantage of being inflammable and the 
great advantage of being waterproof. 

Recent patents cover the manufacture 
of completely opaque window shades 
which are laminated of textile and metal 
foil. This bonding process is carried out 


with permanently plastic resin composi- 
tions which are applied from solution 
and allowed to dry to a highly tacky 
condition before the sheets are pressed 


together. —WituiaM M. LEE 


The Arabol Mfg. Co. 
To the Editor: 


There are several types of adhesives 
available for fastening flexible sheet 
materials. These are either of a vege- 
table, cellulose or rubber base. Vege- 
tables glues are soluble in water, and 
generally are used where waterproofing 
is not essential and where low-cost is 
desired. 

Cellulose glues are made from nitro- 
cellulose or cellulose-acetate base and 
are used for transparent wrapping, 
leather cements, and cements for plastic 
and metal. Some plastics can be glued 
with a rubber-base cement, depending 
on how long the adhesion must hold. 

These adhesives are usually modified 
to fit the method of application, produc- 
tion speed, drying time required, mate- 
rials, strength required, and other con- 
siderations of the individual concern, 
particularly where production is large. 
It is usually necessary to “custom build” 
each adhesive for best results. 

—I. A. ScuHutist 
Midland Glue Products Company 


*“Collar Button’? Fastener 
To the Editor: 


Sheet rubber is often fastened to 
other materials by a fastener which is 
very similar to a collar button. The 
buttonhole in the rubber is smaller than 
the head of the fastener, and is stretched 
over the head. This operation, unlike 
putting on a starched collar, can be 
performed quite easily without the aid 
of grunts and expletives. 

—ALLEN F. CLARK 
Rubber Chemicals Div. 
E. I. Du Pont de Nemours & Company 


Can You Work This One? 


H. E. 


Solution to June problem— 


Call for Mr. Archimedes! 


A large ice cube is floating in a glass 
just full of water. When the cube 
melts, the level of the water will remain 
exactly the same. Reason for this is 
really quite simple. Bodies floating in 
water displace their own weight, hence 
when the ice melts the volume of water 
from the cube will be equal to the vol- 
ume of that part of the ice cube which 
is under the surface. Eureka! 


SMITH 


This month’s problem— 
How Many Widgets? 


A manufacturer seeking sub-con- 
tractors for widgets contacts A, B, C, 
and D. Company A agrees to make half 
as many widgets as the sum made by 
all the others, B contracts for an amount 
equal to one-third the sum of the others, 
and C can make one-quarter as many as 
the total of A, B and D. Company D: 
takes an order for 325 widgets. How 
many widgets does each make? 
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“Goop REASON to be pleased—dare not 
be satisfied,” John D. Biggers of O.P.M. 
states in reviewing first year of defense 
production. 


Defense production passed its first 
birthday on May 28. To mark the occa- 
sion, O.P.M. early last month published 
a booklet “Defense One Year” explain- 
ing what has been accomplished and 
why. This is the picture: 

Machine Tools: Annual volume has 
risen from $220 million in 1939 to $450 
million in 1940 to an estimated $750 mil- 
lion in 1941. About 1,000 machines are 
being delivered daily. 


Tanks: Light tanks (13 tons) are 
being produced at a rate of 150 per 
menth. On May Ist Army had 4 times 
as many in service as it had a year ago. 
This will be six-fold by the time you 
read this. Production of medium tanks 
























Defense One Year 


(28 tons) was delayed purposely so that 
machine tools could be sent to more 
critical industries. Quantity production 
will start in the Fall. 


Aircraft: Production of 1,376 mili- 
tary planes in April was three times 
that of June 1940. Nearly 10,500 mili- 
tary planes were produced in the first 
year of Defense. Monthly production, 
excluding civilian planes, was: 


July, 1940......... 547 


i 

September ........ 670 

eter nnn ccccsee TE 

November ......... 779 

December ........ 900 Military 

and Naval 

January, 1941...... 1,036 957 
PORUMOOE cncccccee Fil 879 
rrr 1,074 


rem | | 1,376 








Plastic linoleum trim molding, de- 
signed to do a job formerly done by 
crimped aluminum strip or stainless 
steel molding, is here being extruded 
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from a continuous extrusion machine at 
the recently expanded plant of R. D. 


Werner & Company. Material is Ten- 


nessee Eastman’s Tenite II. 


ummaries 


Shipbuilding: Ships are slowest of all 
defense production. Major combat 
ships on order at the end of April num- 
bered 360; preliminary work had 
started on 312. Contrast this with the 
43 major ships on order January 1, 
1940. This table presents the picture: 

Jan.1,1940 May 1, 1941 
On Hand On Hand Ordered 


Battleships 15 15 ig 
Aircraft Car- 
riers 5 6 2 
Cruisers 34 ot 54 
Destroyers 218 165 199 
Submarines 87 109 78 
Total 359 332 360 


* © Bedialen North Carolina and Wash. 
ington, now in service. 


Scout Cars: Coming out at rate of 
400 per month. In July the Army will 
have all its requirements. 

Ordnance: Powder output has risen 
1,000 percent; small arms ammunition 
1,200 percent. Twice as many Garand 
rifles are coming out monthly as in July 
1940. The output of .30-cal. machine 
guns has trebled; that of .50-cal. ma- 
chine guns has quadrupled. Gains of 
40 and 35 percent are reported in field 
artillery and anti-aircraft artillery. 


OPM Orders 50 Percent 
Cut in Cork Manufacture 


MANUFACTURE of cork products must be 
reduced by 50 percent in the interests 
of National Defense, it was ordered last 
month by OPM. Reason: insufficient 
imports and shipping uncertainties. 

While direct military requirements 
for cork are small, substantial quanti- 
ties are used in industrial operations re- 
lated to defense. Cork consumption in 
1940 was divided as follows: -container 
caps, 15 percent; gaskets and washers, 
12 percent; linoleum and floor cover- 
ings, 10 percent; insulation board, 40 
percent; other insulation, 20 percent; 
micellaneous, 3 percent. 

In the past, Portugal has supplied 
roughly 60 percent, North Africa 25 per- 
cent and Spain 15 percent of cork im- 
ports. North Africa and Spanish im- 
ports have been shut off, and the possi- 
bility of obtaining further supplies from 
Portugal is uncertain. 
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Packard Nearly Ready For 
Rolls Engine Production 


NINE MONTHS AGO the Packard Motor 
Car Company signed a contract with the 
United States and British governments 
to produce 9,000 Rolls-Royce Merlin XX 
airplane engines. Since last September 
Packard has been quietly but swiftly 
preparing the gigantic industrial plant 
necessary to produce these at the rate 
of 800 finished motors a month. 

Some conception of the size of the 
undertaking may be gained from the 
fact that the Rolls project, in full pro- 
duction, will employ 17,000 men. The 
contract called for a tooling program in 
excess of $28,000,000. Many of the 
3,000 machines in this plan had to be 
designed for the job. All had to be 
ordered. 

Ground was broken less than 9 
months ago for three major new factory 
units totalling 500,000 sq. ft. These 
were completed in April. Packard found 
an additional 500,000 sq. ft. by consoli- 
dating automotive departments. Simul- 
taneously, an expanding engineering 
department completely re-drafted the 
Rolls-Royce engine to accommodate 
American methods, machines, tools and 
accessories. On May 13 the first of nine 
pilot engines was completed. Manu- 
facture on production basis will be in 
full swing within the next few weeks. 





Effect of ecyelie stress in acceler- 
ating corrosion is dramatically shown 
in these illustrations from a paper “Pit- 
ting and Its Effect on the Fatigue Limit 
of Steels Corroded under Various Con- 
ditions,” presented June 26 by D. J. Mc- 
Adam, Jr. and G. W. Geil at the Annual 
Meeting of A.S.T.M. Bureau of Stand- 
ards research shows that corrosion pits 
are hemispherical at first, but change 
with time to saucerlike forms and 





spread along the surface as shown in 
the two magnified cross-sectional views 
at left. (Nickel steel; 175 days in dis- 
tilled water.) Cyclic stress causes trans- 
verse extension of round or irregular 
pits, with development of fissures as 
shown at right. (Nickel steel; 149 days 
in distilled water; stressed to 4,000 Ib. 
per sq. in., 1,450 cycles per min.) These 
effects lower fatigue limit, and are more 
pronounced with carbon steels. 





Do You Know That— 


AN IN-LINE AIR-COOLED ENGINE, a 12- 
cylinder, supercharged inverted V-type 
of more than 500 hp., has been devel- 
oped for Navy combat planes. Its 


designers believe larger in-line air- 
cooled engines are quite feasible. (50) 

HOLLOW-BLADED STEEL propellers for 
military aircraft will go into produc- 
tion soon. They are lighter and less 
subject to pitting. (51) 





Conical Mandrel Tests Stretchability of 


AN IMPROVED TECHNIQUE for evaluating 
the distensibility of organic finishes, de- 
scribed by H. G. Arlt in Bell Laborato- 
ries Record for June, involves wrapping 
the test specimen—such as an enameled 
steel sheet—around a conical mandrel 
and computing the elongation limit of 
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the finish from the cracks. Mandrel. 
shown in use at left, varies in diameter 
from 4g to 1% in. Elongation of the 
outer face of the bent panel can be de- 
termined quantitatively. With finishes 
over 0.001 in. thick, a correction is made 
for added thickness. Relation between 


Finishes 


elongation and mandrel diameter varies 
slightly with different sheet metals. To 
prevent sliding action of the drawbar 
from marring the finish, two sheets of 
Kraft paper lubricated with tale are 
used. Coatings tested without and with 
these slip planes are shown at right. 
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ENGINEERING IN WASHINGTON 


McGRAW-HILL WASHINGTON BUREAU, PAUL WOOTON, CHIEF 








Sinking of the Bismarck is the 
subject of heaviest engineering thought 
in Washington these days, though pre- 
cisely nothing official is said. One can 
reasonably guess that the experts are 
worried on two counts. One: the Nazi 
man-of-war possibly was superior to 
anything else afloat—despite the pro- 
tests of Navy Secretary Knox to the con- 
trary. Two: the damage-make ready for 
the kill was performed by airplanes 
firing torpedoes. Every day there are 
more editorials and more speeches in 
Congress. Many of them bluntly say it 
is silly to build $70,000,000 battleships 
when that same money would buy four 
or five hundred big bombers, any one of 
which might sink such a ship and a 
thousand men with it. No one has yet 
advocated stopping fleet construction. 


Mosquito beat earriers are up for 
discussion again. Several years ago, 
when information was easier than it is 
now, it was said that taking mosquito 
boats to the open sea would be futile, 
because the water is usually too rough 
for them. But now, Congressman Mel- 


Just to prove that the new Chevrolet 
4x4 Army trucks with 4-wheel drive can 
climb, General Motors built this 60-per- 
cent grade and drove a few of them up 
while Army officers looked on. Simi- 
larly, the trucks made hub-cap-deep 
mud-holes look like duck soup. A spe- 
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vin J. Maas, of Naval Affairs Commit- 
tee, says he finds that no study has been 
made. Chairman Vinson, who is well 
informed on naval matters, says he is 
impressed by the possibilities of a tor- 
pedo boat carrier; that they could oper- 
ate when the weather is unsuitable for 
torpedo planes. 


Fifty baths an hour are provided 
for soldiers on the march by a new 
trailer unit being tested by the Army 
in current maneuvers. The trailer car- 
ries a boiler which provides hot bath 
water and steam for sterilizing soiled 
clothing. Four tents are used for un- 
dressing, for physical examination, 
salvaging used clothing, and for issuing 
clean garments. 


Experimental station at Washing- 
ton Navy Yard is being approved in 
Congress. There is a critical need for 
the Navy ordnance laboratory; it will 
be used particularly to experiment with 
new types of mines as a result of reports 
that the Germans have developed a mine 
that can be detonated by the sound of 
the engines of a passing ship. 





cial oil pan permits steep climbs with 
full lubrication of bearings and without 
excessive oiling of cylinder bores. Chas- 
sis and body are set 3 in. closer to 
ground, but 2 in. additional clearance 
is obtained by special transfer case de- 
sign. Cab floats on rubber. 





Air Cerps questions the value of 
gliders in combat, and has told Congress 
so. Officers studying the matter believe 
that better results can be obtained with 
parachute troops. Suppose one tow 
plane and three big gliders carries 60 
men. One big 60-man transport plane 
would cost more, but it would move the 
men faster. Nevertheless, Air Corps has 
several officers working on glider devel- 
opment; has authorized the training of 
a few glider pilots; and is purchasing 
30 gliders, type not stated. 


For the aircraft engine laboratory 
at Cleveland, operated by the National 
Advisory Committee for Aeronautics, 
President Roosevelt is asking an in- 
crease in funds from $8,400,000 to $13,- 
300,000. The plant will not be in opera- 
tion for a year or so. There is a con- 
stantly-growing need for more power, 
due to increasing weight of armor, 
armament and fuel for longer range. 
Airfoil design has reached a plateau, 
perhaps temporary, and now everything 
depends on concentrated power. 


Biggest airplane that the Army fore- 
sees as being in regular operation in 
the foreseeable future would weigh 80 
tons, have a 30-ft. wheel spread. Emer- 
gency landing fields are to be surfaced 
to take this load. 


Division of Purchases (0.P.M.) 
will within a few weeks initiate a pro- 
gram of simplification of consumer 
goods to make more factory room for 
defense. Simplification will be at- 
tempted first in the radio industry, in 
hand tools and in hardware. 


Bombs don’t hurt bridges much, 
according to Col. Lacey Murrow, a 
reserve Engineer on assignment to Pub- 
lic Roads Administration, who has been 
checking up on the war in England, In 
most cases the bombs go harmlessly 
through the deck and explode below. 


Tank-earrying planes have been 
discussed before Congressional com- 
mittees. Preliminary reports are that 
the Germans brought half-size “light” 
tanks (five to seven tons) to Crete in 
planes. The tanks were carried in parts, 
designed for quick assembly. The Army 
believes that the great distances which 
it must cover in this hemisphere to reach 
points of possible attack, will require 
the use of much air-borne equipment. 
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New Materials and Parts 


Electrical Counter 


Designed and introduced as an in- 
expensive companion piece to the 
Autelco Jr. Relays, this new electrical 
counter is known as the Autelco Jr. 
Counter and is built for high-speed 
a.c. or d.c. operation. It is adapted to 
general industrial use, coin-operated 





devices, etc., and is of the non-reset 
type. It counts up to 99,999, and then 
repeats. Maximum operating voltage 
is 240 volts, d.c., or 50-60 cycles, a.c. 
For a.c. operation, maximum speed is 
15 counts per sec.; for d.c. operation, 
maximum speed is 20 counts per sec. 
Automatic Electric Co., 1033 W. Van 
Buren Ave., Chicago, IIl. 


Large Gear Pump 


Larger size gear type hydraulic 
pressure generator, known as Model 
G-60, has a delivery of 60 gal. per 
min. at 1,000 lb. per sq.in. line pres- 
sure. The pump is a constant delivery 
type. Close tolerances are maintained 
between working parts so that pump 
output efficiency is high. Precision spur 
gears of narrow width and large pitch 
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diameter are used, reducing both the 
hydraulic load on the gears and the 
distance between the gear shaft bear- 
ings so that shaft deflection is mini- 
mized. Gear shafts are mounted on 
precision Timken tapered roller bear- 
ings. Internal adjustment permits com- 
pensation for bearing wear. The 
Hydro-Power Model G Pump is recom- 
mended for operation at 1,000 lb. per 
sq.in., where peak pressures are mo- 
momentary; or for operating up to 500 
lb. per sq.in., where peak pressures 
are maintained. Hydro-Power Systems, 


Inc.. Mt. Gilead, Ohio. 


Carbonyl Iron Powder 


Carbonyl iron powder, which differs 
from other commercial iron powders 
in that it has an extremely small 
spherical particle size ranging from 
14 to 5 microns, is now being produced 
in the United States. Principle uses for 
this fine powder at present are in elec- 
trical devices, such as iron cores, choke 
coils, etc., where the small particles 
are desired to reduce hysteresis losses. 
Carbonyl iron powders are also espe- 
cially suitable for certain types of 
sintered alloys in the fast-growing 
field of powder metallurgy. Grades of 
carbonyl iron powder will soon be de- 
veloped specifically for powder metal- 
lurgy. The material is being produced 
at the Grasselli, N. J. plant of the 
General Aniline Works. Sales agent 
is Advance Solvents & Chemical Corp.., 
245 Fifth Ave., New York, N. Y. 


Coil Winding Gage 


Speeds as high as 9,000 turns per 
min. can be counted by the new Clip- 
per high speed coil winding counter, 
designed for direct connection to the 
motor shaft or for operation through 
a flexible shaft. Reset to zero is accom- 
plished with a single motion. Unique 
pointer design gives instant visual 
check of reset. Turns taken off the coil 
in case of over-run which may occur 
in high-speed winding are deducted 
by the Clipper. Large, legible figures 
read to 10,000 turns. Pointers have 
specially designed friction hubs which 
have large bearing area for depend- 








ability and minimum wear. Main 
bearing is Oilite, and gears are hobbed 
throughout for precision. The gage 
can easily be aligned by shifting the 
adjustable base. Production Instru- 
ment Co., 702-10 W. Jackson Blvd., 
Chicago, Ill. 


Tubular Lamp 


This new tubular lamp fits into a 
T64 tubular bulb that is only }-1 in. in 
diameter and 5 in. long. It has its own 
built-in reflector in the form of a pure 
silver lining hermetically sealed inside 
the bulb where it cannot tarnish or lose 
in operating efficiency. Brilliance is in- 
creased by a special filament, coiled 
once and then recoiled over its entire 
length to provide a more concentrated 
and economical light. Three metal sup- 
ports anchor the filament in place and 
protect it against vibration hazards. 
Available in 15, 25, and 40-watt sizes. 
Average burning life is 1,000 hr. 
Wabash Appliance Corp., Brooklyn, 
nN. ¥. 














Explosion-Proof Pump 


Midget size explosion-proof pump, 
designated as Model D, can be used 
in all industrial, pilot plant, labora- 
tory and experimental applications 


where an explosion-proof unit is neces- 
sary. Maximum pressure is 16 lb. per 
sq.in.; maximum capacity is 5.7 gal. 





per min. Motor is 1/12 hp., 3,450 
r.p.m., for use on single-phase 110 or 
220-volt, 60-cycle, a.c. Motor, armature 
and pump impeller are mounted on a 
single shaft. Available in stainless 
steel, Monel metal, chromium plated 
bronze, brass, cast iron, and other 
alloys. Eastern Engineering Co., 45 
Fox St., New Haven, Conn. 


Combination Starters 


By combining a magnetic switch with 
a hand-disconnect switch in the same 
inclosure, these starters save wiring, 
insure greater safety to the operator, 
and result in compact installation and 
improved appearance. The disconnect 
switch lever is located on the front 
instead of on the side of the cabinet. 
Three holes for padlocks in the dis- 
connect switch lever permit the switch 
to be locked when the lever is off. 
One, two or three padlocks can be 
used. Hence, electrician, mechanic and 
millwright may each insert padlocks, 
and the switch cannot be closed until 
all three padlocks are removed. The 
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cover can be padlocked independently 
of the operating lever. Both disconnect 
switch and solenoid switch have silver 
alloy contacts. Available in four sizes 
in a variety of inclosures with or with- 
out fuse clips. Ratings range from 
2 hp., 220-440-550 volts for the Size 0 
starter, to 30 hp., 220 volts, and 50 hp.., 
440-550 volts for the Size 3 starter. All 
sizes have interrupting capacity at 
least ten times the maximum horse- 
power rating. Allen-Bradley Co., 1311 
S. First., Milwaukee, Wis. 


Four-Pole Relay 


New four-pole industrial relay is 
compact, small in size, and positive 
and reliable in action. Designated as 
Series 980, these relays are only 2} in. 


wide, 14 in. high, and 2% in. deep. 


Capacity is 10 amp. at 110 volts. Avail- 
able with }-in., *s-in., or 4-in. contacts; 
four-pole, single-throw, either normally 





open or normally closed; four-pole, 
double-throw; or four-pole, two make 
and two break as illustrated. Advance 
Electric Co., 1260 W. 2nd St., Los 
Angeles, Calif. 


Black Finish for Copper 


A new Electro-Jetal Process, which 
can blacken any metal that can be 
copper-plated, gives a black rustproof 
finish on copper by anodic oxidation. 
After preplating with copper, products 
are immersed in a special electrolytic 
oxidizing bath for 2 to 5 min. The 
resulting velvety black surface of 
Electro-Jetal is an excellent absorptive 
base for an after-treatment of oil, wax 
or lacquer which gives a non-porous, 
rust-proof finish equivalent to ordinary 
nickel plate. The new Electro-Jetal 
bath can be operated at any tempera- 
ture below the boiling point of water, 
using ordinary steel containers heated 
by steam coil. Work can be oxidized 
on racks, in bulk or baskets. Cost of 
chemical, exclusive of the copper plate. 
is approximately 25 cents per 1,000 
sq.ft. of surface. Alrose Chemical Co.. 
Providence, R. I. 





Mycalex Now Injection 


Molded 


Mycalex, a plastic material com- 
posed of ground mica and lead-borate 
glass, can now be injection molded. 
The material has been available for 
several years in compression-molded 
plates and bars which could be ma- 
chined to specified shape. In general, 
Mycalex has better electrical charac- 
teristics than porcelain, and is stronger 
except under compression. It is not as 
refractory as porcelain or mica, but 
is superior in this respect to ordinary 
molded compounds. Its use is par- 
ticularly advantageous where require- 
ments demand high dielectric strength 
and insulation resistance; low losses 
at high frequencies; high mechanical 
strength; arc resistance; heat resist- 
ance; and a compact construction 
with metal inserts securely molded in 
place. In addition, Mycalex has high 
chemical and dimensional stability, and 
has low coefficient of thermal expan- 
sion. Applications of injection-molded 
Mycalex are tube bases, switch insula- 
tion, radio structural parts, arc chutes, 
relay insulators, and as inserts in die- 
castings and organic plastics. General 


Electric Co., Pittsfield, Mass. 


Tachometer 


To eliminate the undesirable features 
of the conventional d.c. tachometer, a 
new a.c. tachometer uses no brushes 
or commutator in the non-sparking gen- 
erator unit. The a.c. voltage generated 
is rectified and indicated in terms of 
rotational or linear speeds. In_ the 
illustration, the indicating instrument 
to the left can be calibrated in r.p.m., 
ft. per min., gal. per min., or other 
units depending on the application. 
Westinghouse Electric & Mfg. Co., 
East Pittsburgh, Pa. 
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Agitator Drive 


Because this new agitator drive. 
designated “Portereducer,” utilizes the 
planetary system of gearing, the unit 
has several advantages over other re- 
duction gears now in use in agitators. 
Many more teeth are in action than in 
conventional systems; this fact means 
that operation is smoother, greater re- 
duction can be accomplished in a 
given space, and tooth load is at a 
minimum for any given torsional effort. 
Quiet, smooth operation is effected by 
the use of helical gears. Heat-treated 
alloy steel gears and shafts, and Tim- 
ken anti-friction bearings insure maxi- 
mum strength and durability. Designed 
to use standard NEMA frame motors. 
H. K. Porter Co., Inc., 4969 Harrison 
St., Pittsburgh, Pa. 


High-Speed Belt 


Endless belt for high-speed preci- 
sion work, known as the Gilmer-Heva- 
loid Belt, has such pliability and light- 
ness in weight that it is suitable for 
operation at speeds up to 9,000 ft. 
per min. over pulleys of small diame- 
ters. A unique process of impregnating 
the cotton pulling element with latex 
results in special qualities of elasticity, 
strength and durability. Made without 
lap, seam or splice, the belt operates 
free from vibration. Non-slip surface 
with high coefficient of friction per- 
mits lighter tension, decreased bearing 
load, and maintains a higher and more 
uniform driven speed on drives such 
as routing machines, winders, grinders 
and similar applications. L. H. Gilmer 
Co.. Tacony, Philadelphia, Pa. 
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Spark-Proof Wheel 


To prevent the development of 
sparks caused by either striking an 
abrasive or the building up of a static 
electric potential in the truck, these 
non-metallic truck wheels of laminated 
plastic material have an electrical con- 
ductor embedded in the plastic sur- 
rounding the hub and extending to the 
rim of the wheel. This conductor is a 
soft copper wire or cable, and prevents 
a potential capable of producing a 
spark from being built up on the truck 
or its load. Divine Bros., Utica, N. Y. 





Dry Developer Paper 


This improved sensitized paper for 
white print dry developer or ammonia 
vapor machines has a 50 percent rag 
content as compared with the sulphite 
stock used in existing papers. It has 
two “speeds” in sensitivity, regular and 
fast. It is available in two colors, deep 
royal blue, and “Post” red. The new 
sensitizing medium is claimed to print 
out to a cleaner, whiter background 
and at the same time leave all lines 
in deeply colored contrast. Special 
emphasis is placed upon the crisp de- 
tail of fine lines. Samples of “Vapo- 
paper” are available free to users of 
ammonia vapor machines who are will- 
ing to submit a brief report on its per- 
formance in return. Frederick Post Co., 


Box 803, Chicago, IIl. 


Tube Fitting 


On this new fitting, known as the 
Ermeto safety fitting, the cutting edge 
of a hardened ring shears a groove 
into the outer surface of the tube. The 
resulting leak-proof joint cannot be 
pulled apart and holds beyond the 
burst strength of the tube itself. No 
flaring, threading, soldering or weld- 
ing is necessary. Connections made can 
be easily taken apart and remade with- 
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out affecting the tightness of the joint. 
Ermeto fittings made from steel are 
ideal for high-pressure applications in 
aviation, machine-tool, petroleum, oil- 
refining, refrigeration, automotive, rail- 
road, and are available as nipples, 
connectors, unions, elbows, tees and 
sleeves for tube diameters ranging from 
4 in. to 14 in. outside diameter. The 


Weatherhead Co., Cleveland, Ohio. 


Magnetic Starters 


Separate Bakelite units for each pole 
of these new magnetic solenoid starters 
and contactors, sizes 0 and 1, confine 
the arc and exclude dust. All connec- 
tions are made from the front, and 
coils with clearly visible ratings are 
easily changed. Separate electrical 
interlock switch, inclosed in Bakelite, 
is supplied normally open or normally 
closed. Reset button is independent of 
the cover. Positive quick make and 
break switching mechanism in overload 
relay is insulated from the bimetal 
and heater. Overload relays are regu- 
larly supplied for manual reset, but 
can be changed for automatic reset if 
desired. Suitable for control of motors 
up to 74 hp., single or polyphase, 
110-550 volts a.c. The Arrow-Hart & 
Hegeman Electric Co., 103 Hawthorn 
St., Hartford, Conn. 




















Explosion-Proof Pump 


Midget size explosion-proof pump. 
designated as Model D, can be used 
in all industrial, pilot plant, labora- 
tory and experimental applications 
where an explosion-proof unit is neces- 
sary. Maximum pressure is 16 lb. per 


gal. 


sq.in.; maximum capacity is 5. 





per min. Motor is 1/12 hp., 3.450 
r.p.m., for use on single-phase 110 or 
220-volt, 60-cycle. a.c. Motor, armature 
and pump impeller are mounted on a 
single shaft. Available in stainless 
steel, Monel metal, chromium plated 
bronze, brass, cast iron, and other 
alloys. Eastern Engineering Co., 45 
Fox St.. New Haven, Conn. 


Combination Starters 


By combining a magnetic switch with 
a hand-disconnect switch in the same 
inclosure, these starters save wiring, 
insure greater safety to the operator, 
and result in compact installation and 
improved appearance. The disconnect 
switch lever is located on the front 
instead of on the side of the cabinet. 
Three holes for padlocks in the dis- 
connect switch lever permit the switch 
to be locked when the lever is off. 
One, two or three padlocks can _ be 
used. Hence, electrician, mechanic and 
millwright may each insert padlocks, 
and the switch cannot be closed until 
all three padlocks are removed. The 








cover can be padlocked independently 
of the operating lever. Both disconnect 
switch and solenoid switch have silver 
alloy contacts. Available in four sizes 
in a variety of inclosures with or with- 
out fuse clips. Ratings range from 
2 hp., 220-440-550 volts for the Size 0 
starter, to 30 hp., 220 volts, and 50 hp., 
140-550 volts for the Size 3 starter. All 
sizes have interrupting capacity at 
least ten times the maximum horse- 
power rating. Allen-Bradley Co., 131] 


S. First., Milwaukee, Wis. 


Four-Pole Relay 


New four-pole industrial relay is 
compact, small in size, and positive 
and reliable in action. Designated as 
Series 980, these relays are only 2+ in. 
wide, 14 in. high, and 2{ in. deep. 
Capacity is 10 amp. at 110 volts. Avail- 
able with }-in., x%-in., or 4-in. contacts: 


four-pole, single-throw, either normally 





open or normally closed; four-pole, 
double-throw; or four-pole, two make 
and two break as illustrated. Advance 
Electric Co., 1260 W. 2nd St., Los 
Angeles, Calif. 


Black Finish for Copper 


A new Electro-Jetal Process, which 
can blacken any metal that can be 
copper-plated, gives a black rustproof 
finish on copper by anodic oxidation. 
After preplating with copper, products 
are immersed in a special electrolytic 
oxidizing bath for 2 to 5 min. The 
resulting velvety black surface of 
Electro-Jetal is an excellent absorptive 
base for an after-treatment of oil, wax 
or lacquer which gives a non-porous, 
rust-proof finish equivalent to ordinary 
nickel plate. The new  Electro-Jetal 
bath can be operated at any tempera- 
ture below the boiling point of water, 
using ordinary steel containers heated 
by steam coil. Work can be oxidized 
on racks, in bulk or baskets. Cost of 
chemical, exclusive of the copper plate, 
is approximately 25 cents per 1.000 
sq.ft. of surface. Alrose Chemical Co.. 


R. [. 


Providence. 






Mycalex Now Injection 


Molded 


Mycalex, a plastic material co 
posed of ground mica and lead-bora 
glass, can now be injection mold 
[he material has been available 
several years in compression-mold 
plates and bars which could be n 
chined to specified shape. In gener 
Mycalex has better electrical char 
teristics than porcelain, and is strong 
except under compression. It is not 
refractory as porcelain or mica, 
is superior in this respect to ordina 
molded compounds. Its use isp 
ticularly advantageous where requit 
ments demand high dielectric strengt 
and insulation resistance: low loss: 
at high frequencies; high mechani 
strength: are resistance; heat resis 
ance; and a compact construct 
with metal inserts securely molded 
place. In addition, Mycalex has hig 
chemical and dimensional stability, a1 
has low coefficient of thermal expar 
sion, Applications of injection-molde 
Mycalex are tube bases, switch insula 
tion, radio structural parts, are chutes 
relay insulators, and as inserts in di 
castings and organic plastics. Genera 
Electric Co., Pittsfield. Mass. 


Tachometer 


To eliminate the undesirable features 
of the conventional d.c. tachometer, a 
new a.c. tachometer uses no_ brushes 
or commutator in the non-sparking gen- 
erator unit. The a.c. voltage generated 
is rectified and indicated in terms of 
rotational or linear speeds. In_ the 
illustration, the indicating instrument 
to the left can be calibrated in r.p.m.. 
ft. per min., gal. per min., or othe: 


units depending on the application 
Westinghouse Electric & M fg. Co 
East Pittsburgh, Pa. 
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Agitator Drive 


Because this new agitator drive. 
designated “Portereducer,” utilizes the 
planetary system of gearing, the unit 
has several advantages over other re- 
duction gears now in use in agitators. 
Many more teeth are in action than in 
conventional systems; this fact means 
that operation is smoother, greater re- 
duction can be accomplished in a 
given space, and tooth load is at a 
minimum for any given torsional effort. 
Quiet, smooth operation is effected by 
the use of helical gears. Heat-treated 
alloy steel gears and shafts, and Tim- 
ken anti-friction bearings insure maxi- 
mum strength and durability. Designed 
to use standard NEMA frame motors. 
H. K. Porter Co., Inc., 4969 Harrison 
St., Pittsburgh, Pa. 


High-Speed Belt 


Endless belt for high-speed preci- 
sion work, known as the Gilmer-Heva- 
loid Belt, has such pliability and light- 
ness in weight that it is suitable for 
operation at speeds up to 9,000 ft. 
per min. over pulleys of small diame- 
ters. A unique process of impregnating 
the cotton pulling element with latex 
results in special qualities of elasticity. 
strength and durability. Made without 
lap, seam or splice, the belt operates 
free from vibration. Non-slip surface 
with high coefficient of friction per- 
mits lighter tension, decreased bearing 
load, and maintains a higher and more 
uniform driven speed on drives such 
as routing machines. winders, grinders 
and similar applications. L. H. Gilmer 
Co., Tacony, Philadelphia, Pa. 
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Spark-Proof Wheel 


To prevent the development ol 
sparks caused by either striking an 
abrasive or the building up of a static 
electric potential in the truck, these 
non-metallic truck wheels of laminated 
plastic material have an electrical con- 
ductor embedded in the plastic sur- 
rounding the hub and extending to the 
rim of the wheel. This conductor is a 
sott copper wire or cable. and prevents 


a potential capable of producing a 
spark from being built up on the truck 
Utica, N. Y. 


or its load. Divine Bros.. 





Dry Developer Paper 


This improved sensitized paper for 
white print dry developer or ammonia 
vapor machines has a 50 percent rag 
content as compared with the sulphite 
stock used in existing papers, It has 
two “speeds” in sensitivity, regular and 
fast. It is available in two colors, deep 
royal blue, and “Post” red. The new 
sensitizing medium is claimed to print 
out to a cleaner. whiter background 
and at the same time leave all lines 
in deeply colored contrast. Special 
emphasis is placed upon the crisp de- 
tail of fine lines. Samples ot “Vapo- 
paper” are available free to users of 
ammonia vapor machines who are will- 
ing to submit a brief report on its pet 
formance in return. Frederick Post Co.. 
Box 803, Chicago, Il. 


Tube Fitting 


known as the 
Ermeto safety fitting, the cutting edge 


On this new fitting. 


of a hardened ring shears a_ groove 
into the outer surface of the tube. The 
resulting leak-proof joint cannot be 
pulled apart and holds beyond the 
burst strength of the tube itself. No 
flaring, threading. soldering or weld 
ing is necessary. Connections made can 
be easily taken apart and remade with 





out affecting the tightness of the joint 
Ermeto fittings made from steel are 
ideal for high-pressure applications in 
aviation, machine-tool, petroleum, oil 
rehning, retrigeration, automotive, rail 
road. and are available as nipples, 
connectors, unions, elbows, tees and 
sleeves for tube diameters ranging from 
! in. to 14 in. outside diameter. Thi 
Weatherhead Co., Cleveland, Ohio. 


Vagnetic Starters 


Separate Bakelite units for each pol 
of these new magnetic solenoid starters 
and contactors, sizes 0 and 1, confine 
the are and exclude dust. All conne: 
tions are made from the front, and 
coils with clearly visible ratings are 
easily changed. Separate — electrical 
interlock switeh, inclosed in Bakelite. 
is supplied normally open or normally 
closed, Reset button is independent ol 
the cover. Positive quick make and 
break switching mechanism in overload 
relay is insulated from the bimetal 
and heater. Overload relays are regu 
larly supplied for manual reset, but 
can be changed for automatic reset it 
desired. Suitable for control of motors 
polyphase. 
110-550 volts a.c. The Arrow-Hart & 
Hegeman Electric Co... 103 Hawthorn 


St.. Hartford, Conn. 


up to 74 hp., single or 














Bronze on Steel Bearings 


Pre-cast bearing Bronze on Steel is 
essentially a thin-wall, laminated type 
of bearing that combines bearing quali- 
ties of a high-grade bronze alloy with 
the strength of steel. By casting a 
bronze alloy (S.A.E. 64, 80-- percent 
copper, 10 percent tin, 10 percent 
lead) in solid bronze bars, the metals 
are chemically united to form a definite 








copper-tin eutetic, with the lead 
trapped in the interstices. Next, the 
center of each casting is removed by 
drilling; the borings thus obtained are 
reduced to a powder, treated in a 
hydrogen furnace to remove all oxides, 
and then firmly bonded to strip steel. 
The process of manufacturing bear- 
ings from Bronze on Steel, in strip 
form, is the same as for any other 
type of sheet metal bearing. Advantages 
claimed are higher Brinell hardness, 
greater resistance to pounding and to 
shock, and a comparatively low co- 
efficient of friction. The Bronze on Steel 
bearings can be formed to practically 
any shape required, and can be pur- 
chased already formed or in strip rolls 
up to 400 ft. in length. Pre-cast bear- 
ing Bronze on Steel is also available 
as a graphited bearing. For special 


bearing surfaces, the bronze can be 


bonded to both surfaces. Johnson 
Bronze Co., New Castle, Pa. 
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Large Solenoid Starter 


To meet the demand for a large 
starter with a solenoid switch struc- 
ture, this new unit has a maximum 
horsepower rating of 50 hp., 220 volts. 
and 100 hp., 440-550-600 volts. De- 
veloped to replace the older Bulletin 
710, the new Bulletin 709 solenoid 
starter has all the features of the 
smaller starter. By employing the sole- 
noid design, the size of the starter has 
been greatly reduced. At the same time 
a generous amount of wiring space is 
provided, and the inclosure is attrac 
tively styled. Arc-interrupting capacity 
is high. The switch has only one mov- 
ing part and is free from complicated 
mechanism. Wiring is made easy by 
plainly marked, accessible terminals. 
and by the white enameled interior 
which eliminates dark shadows. The 
starter is mounted on a self-insulated 
metal baseplate which can be mounted 
on any metal surface without extra 
insulation, Allen-Bradley Co., 1311 S. 
First St., Milwaukee, Wis. 


Bright Copper Plate 


Due to the shortage of nickel, many 
concerns are thinking seriously of go- 
ing over to heavy copper deposits. 
followed by comparatively light nickel 
deposits. For that reason, bright heavy 
copper deposits are advantageous. 
Basic ingredients of a bright plating 
process recently announced are copper 
sulphate, diethylene triamine and am- 
monium sulphate. Current efficiency 
at both anode and cathode is practi+ 
cally 100 percent, and the throwing 
power compares favorably with a cya- 
nide copper solution. Average current 
density is about 40 amp. per sq.ft. for 
optimum brightness, Operating tem- 
perature is 140 deg. F. Equipment is 


rubber lined. Anodes are preferab 
of electrolytic copper, although ca: 
copper anodes can be used. A cyanid 
copper flash of 2 or 3 min. is requir: 
before plating on zinc or steel. Hanso 
Van Winkle-Munning Co., Matawa 
N. J. 


Centrifugal Coolant Pump; 


Centrifugal pump, which deliv 
cutting oil or compound the mome: 
the pump begins to operate, has n 
metal-to-metal contact. This constru 
tion permits the handling of liquid 
charged with filings, small chips, an 
abrasive impurities as large as 0.03 





in. in dia. The pump, the j-hp. ex 
plosion-resisting motor, and the motor 
switch are all assembled as an integral 
unit, compact and simple. The motor, 
which has a _ notably low. starting 
torque, has no brushes or commutator. 
Only half the usual number of Lear- 
ings are required, and the lower bear- 
ing is grease-packed. Between moto1 
and pump is a positive mechanical seal. 
Capacity is 13 to 15 gal. per min., 
full flow, 3-in. discharge. Gilbert & 
Barker Mfg. Co., Springfield, Mass. 


Fiber Glass Adhesive Tape 


Adhesive tape of fiber glass, with a 
pressure-sensitive coating, is now avail- 
able. The new product will have a num- 
ber of uses in the electrical industry 
and for insulating other than electri- 
cally. The tape is manufactured from 
common woven glass textile in rolls to 
a full width of 40 in. It can then be 
cut into any desired widths, exactly as 
paper-backed and cloth-backed tapes 
are cut. In use by the consumer it 1s 
applied and cut just as any other 
adhesive tape. Industrial Tape Corp.., 


New Brunswick, N. J. 


Propuct ENGINEERING 











trol 
con 
sati 
sist 
a fi 
fore 
tre 
siti 
It ¢ 
to 1 
for 
The 
gas 
adj 
Car 
Lor 


Pl 
} 
hot 
bey 
mat 
im] 
phe 
imy 
ing 
cas 
bet 
rece 
sea 
inte 
to 
resi 
ove 
deg 
tan 
pre 
sur 
Ine 


Ju 























Micro-Action Valve 


Effective as protection to any con- 
trol valve, and for use with sensitive 
control instruments subjected to pul- 
sating flow, this micro-action valve con- 
sists of a solid brass body in which 
a filter is inserted for protection from 
foreign matter. The valve has an ex- 
tremely slight taper so that very sen- 
sitive control of the shutoff is effected. 
It can be installed on the pressure line 
to the diaphragm of a pump governor, 
for instance, to eliminate pulsation. 
The valve will handle steam, fuel oil, 
gas, water or other liquids, with simple 
adjustment for each viscosity. J. A. 
Campbell Co., 645 E. Wardlow Rad., 
Long Beach, Calif. 


Plastic Coating for Castings 


Porous castings which do not quite 
hoid specified pressures, due to factors 
beyond the control of the manufacturer, 
may be made entirely satisfactory by 
impregnating them with a  Durez 
phenolic resin designated 7347-A. The 
impregnation is accomplished by fore- 
ing the resin into the pores of the 
casting under air pressure; pressures 
between 45 and 100 lb. per sq.in. are 
recommended. Larger castings can be 
sealed and the resin pumped directly 
into the casting. Baking is necessary 
to thoroughly set or polymerize the 
resin, Small castings are baked in an 
oven for several hours at 250 to 275 
deg. F., or preferably in a pressure 
tank by applying steam. Baking under 
pressure produces a cleaner, smoother 


surface. Durez Plastics & Chemicals, 


Inc., North Tonawanda. N. Y. 
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Manufacturers’ Publications 





Materials 


ApHEsive Tapes—Industrial Tape Corp.., 
New Brunswick, N. J. Sample folder, 4 
pages, 33 x 84 in. Contains sample strips 
of nine different types of industrial ad- 
hesive tapes. 


PLastics—General Electric Co.,  Pitts- 
field, Mass. “The Change to Plastics” is 
the title of this new attractive folder and 
it gives twelve case histories where plastics 


are used to replace other materials. 


SteeL—Joseph T. Ryerson & Son, Ine., 
loth & Rockwell Sts., Chicago, Ill. Cat- 
alog 1941, 268 pages, 43 x 5 in. New 
products, new analyses and new sizes plus 
an increased number of helpful charts and 
tables have been added to this edition of 
Ryerson’s stock list. 


Mechanical Parts 


AIRFLEX Coupiinés--Falk Corp., 300] 
W. Canal St., Milwaukee, Wis. Bulletin 
8100, 20 pages, 84 x 11 in. Contains 
typical installation views, discussion of 
principles, and dimension drawings and 
tables covering each type of Airflex coup- 
lings. 


Beartncs—The Timken Roller Bearing 
Co., Canton, Ohio. “The Vital Importance 
of Timken Bearings in National Defense,” 
32 pages, 9 x 12 in. Illustrates and de- 
scribes the Timken efforts in behalf of the 
National Defense Program. 


Expansion Borits—Rawlplug Co., Inc., 
98 Lafayette St., New York, N. Y. Catalog 
41, 38 pages, 34x64 in. Valuable data, 
charts and tables on expansion anchors, 
with every type of anchor made by Raw! 
plug listed, is included. 


9c 


Fitters —Staynew Filter Corp., ) 


Leighton Ave., Rochester, N. Y. 
14 pages, 83x11 in. 
scribes Staynew and Protectomotor filters 


Catalog, 
Illustrates and de 


for compressed-air, gases, liquids, engine 
and compressor intake, and for building 
ventilation. 
included. 


Detailed engineering data is 


Lock Nuts Metal Products, 
Inc., 345 East Kalamazoo Ave., Kalamazoo, 
Mich. One page, 84x11 in. Brief descrip- 
tion of the Security vibration proof lock 
nut. 


Security 


Orrep-Air Lupricatron—C. A. Norgren 
Co., Inc., Denver, Colo. Catalog 400, 24 
pages, 84x11 in. Oiled-air lubrication 
for high-speed spindle bearings and for 
solving other difficult lubricating problems 
is described in this booklet. 
trol units for the control, cleaning and 


Lubro-Con- 


lubrication of air are listed. 


Porous-Bronze Beartncs—Bound Brook 
Oil-Less Bearing Co., Bound Brook, N. J 
1941 Die List, 12 pages, 84x 11 in. 
complete listing of Compo oil-retaining 


(Lives 


porous bronze bearings. Length sizes are 


now specified “any length up to 


Screws — Holo - Krome 
Screw Corp., Hartford, Conn. 


Socket Heap 
Pamphlet, 
tabulate S 


12 pages, 83x 11 in. Illustrates, 


and gives formulas for dimensions fot 
socket set screws and socket head cap 


screws of the hexagonal type. 


Spring WaAsHERsS—-National Lock Washer 
Co., Newark, N. J. Two bulletins, 12 
pages, 8 x 10 in. One of these bulletins 
covers Kantlink steel spring washers, the 
other covers non-ferrous spring washers 
Particularly valuable is a table of recom 
mended spring washer sizes for a given 


bolt or screw application. 


V-Be_ts—Manheim Mig. & Belting Co., 
Manheim, Pa. “Veelos  Picturegraph,” 
24 pages, 94x 10% in. his interesting 


primer describes by means of pictures thie 
principal advantages and applications of 
Veelos adjustable belts. 


Electrical Parts 


ADJUSTABLE SpeeD Drive—Westinghous 
Electric & Mfg. Co., East Pittsburgh, Pa 
Bulletin DD-4063, 
Gives design details of adjustable speed 


1 pages, 84x11 in. 
drives between 1 and 15 hp., including 


motor generator, d.c. drive motor and 


rheostat. [Typical curves show variation 


in percentage torque with speed. 


ELectTRIcCAL Equipment — Westinghouse 
Electric & Mfg. Co., East Pittsburgh, Pa. 
Catalog 30-000, 64 pages, 84 x 11 in. Revised 
edition of the popular “Quick Selector” 
catalog of electrical equipment for any 
motor, lighting or feeder circuit. 


Irvington Var 
nish & Insulator Co., Irvington, N. J 
Manual, 34 pages, 84x 11 in. 
to assist in the proper selection and ap 


INSULATING VARNISHES 
Designed 


plication of insulating varnishes, this 
booklet describes 31 Harvel and Irvington 


insulating varnishes, paints and enamels. 


General _ Electri 
Julletin GEA 
Illustrates and 


PLUGGING CONTROI 
Co., Schenectady, N. Y. 
3571, 4 pages, 8x 103 in. 
describes G-E plugging control, and shows 
diagrammatically eight different ways to 
apply the plugging switch. 

Speep Vartator—General Electric Co., 
Schenectady, M, we GEA-3517, 4 pages, 
8xl034 in. 


composed of standard parts, which is an 


Describes the compact unit, 


adjustable speed drive operating from a. 


to drive a d.c. motor, 








Books and Bulletins 





Prevention of the Failure Of 
Metals under Repeated Stress 


BATTELLE Memoria INstitutE—273 
pages, 171 illustrations, 644x914 in. 
Published by John Wiley & Sons, Inc., 
140 Fourth Ave., New York, N. Y. 


Price $2.75. 


Fatigue failures, such as have been 
illustrated during the past months in 
Propuct ENGINEERING’s “Causes & 
Cures,” can be attributed in large part 
to lack of knowledge or appreciation of 
engineering principles among designers, 
machine shop superintendents and 
workmen. Most of the engineering 
principles involved in — precautions 
against fatigue failures were already on 
the record but were so widely scattered 
that the National Research Council, at 
the investigation of the Bureau of Aero- 
nautics, arranged a conference of lead- 
ing authorities on the subject and com- 
missioned Battelle Memorial Institute 
to prepare this compilation. 

This book is without doubt the most 
complete and authoritative up-to-date 
work on the subject of fatigue failures. 
After covering the general nature of 
fatigue failures, the book discusses 
stress concentration caused by fillets, 
kevways, oil holes, corrosion, tool marks, 
work-hardened surfaces, notches, inter- 
nal stresses. Stress reversals, peak 
stresses and their effects are fully ex- 
plained. 

Many chapters in the Appendix pre- 
sent experimental test data showing, as 
exactly as have so far been determined, 
the factors influencing fatigue stresses. 
The book uses many illustrations of fail- 
ures as examples. A 23-page_ bibli- 
ography completes the compilation. 


Practical Solution Of 
Torsional Vibration Problems 


W. Ker Witson—Second Edition, 


Vol. I. 731 pages, 5%x9V% in. Blue 


clothboard covers. Published by John 
Wiley & Sons, Inc., 440 Fourth Ave.. 
New York, N.Y. Price $8. 


In addition to the inclusion of new 
practical design data and a more com- 
prehensive treatment of vibration prob- 
lems peculiar to high-speed engines. 
the text and illustrations in this second 
edition bring up-to-date the subject 
matter of the first edition, thus pre- 
senting a modern text covering prob- 
lems encountered in the marine, elec- 
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trical, aeronautical and automotive 
fields of design. 

Among the important changes and 
revisions in Vol. I are a fuller treat- 
ment of new material on such subjects 
as flexible couplings, choice of crank 
sequence and firing order of single- and 
multi-row radial engines and V-type 
engines, and geared engines supported 
on flexible mountings. Also there is in- 
cluded a simple practical treatment of 
air-screw blade vibration and its influ- 
ence on the vibration characteristics of 
aircraft power plants. Vol. II will be 
published shortly. 


Metallurgy Of 
Deep Drawing and Pressing 


J. DupLey Jevons—699 pages, 6x9%4 
in. Green clothboard covers Published 
by John Wiley & Sons, Inc., 440 Fourth 
{ve., New York, N.Y. Price $10. 


This book is a valuable source of in- 
formation for all designers who are in- 
timately associated with production 
procedure and the tools used in making 
deep drawn sheet metal products. 

After describing in detail the tech- 
nology employed in Great Britain to 
produce brass and steel sheet, the au- 
thor discusses the difficulties experi- 
enced in the press shop which are 
attributable to defects in the sheet as 
supplied to the press, and also process- 
ing difficulties attributable to the treat- 
ment accorded the metal under the 
press. The techniques of deep drawing 
aluminum and its alloys, magnesium 
alloys, copper, nickel and nickel alloys. 
zinc, stainless and alloy steels are 
appropriately covered in a separate 
chapter. There are also chapters on 
presses, tools, lubricants, testing of 
sheet metal, behavior properties, specifi- 
cations and new applications. 


Engineers’ Manual 
Of Statistical Methods 


Lestiz E. Simon—231 pages, 6°4x10 
in. Green buckram covers. Published 
by John Wiley & Sons, Inc., 440 Fourth 
{ve., New York, N.Y. Price $2.75. 


Statistics is one of a number of con- 
venient tools for accomplishing a pro- 
fessional end. To the design engineer. 
this end is the establishment of design 
specifications which can be maintained 
in the shop. To achieve this end he 


must understand statistical methods o 
inspection and production control. 
There have been books published by 
fore on the subject. but Mr. Simo 
thought most of these books were to 
heavy for the average practical mar 
whose interest is centered in his indus 
trial or engineering work. Hence thi 
book, which summarizes the probability 
statistics and logic entering into inspe 
tion and process control methods as 
briefly as is compatible with clarity. 
The principles set forth by Mr. Simo: 
are predicated on research conducted 
at the Ballistics Research Laboratory 
and on experience gained in production 
for the Government in U. S. Arsenals 


Tables of Sine, Cosine 
And Exponential Integrals 


Vol. 1, 470 pages, 84x11 in. Vol. 11, 
2600 pages, 8Yx1l in. Tan buckram 
covers. Published by National Bureau 
of Standards, U.S. Dept. of Commerce, 
Washington, D.C. Price $2 per volume. 


The integral functions tabulated in 
these volumes are encountered in many 
fields of pure and applied mathematics 
including problems in electrical engi- 
neering, chemistry and physics. Supple- 
menting the tables are many references 
showing the variety of applications of 
these functions. 

These tables represent another step 
in the work being done by the Works 
Progress Administration for New York 
in preparing mathematical tables. 


Open Hearth Alloy Steels 
{nd Electric Furnace Steels 


Steel Products Manual, Sec. 10. 39 pages. 
6x9 in. Published by American Iron and 
Steel Institute, 350 Fifth Ave., New York, 
V. Y. Price 25 cents. 


This new section of the Steel Products 
Manual gives general description and tech 
nical data covering basic open hearth alloy 
steels and electric furnace steels in blooms, 
billets, slabs, bars and_ hot-rolled — strip. 
Standard chemical compositions, methods 
for testing and manufacturing practices 
are well covered. 


Drafting Standards Accepted and 
Proposed 


30 pages, 83x11 in. Published by Chas, 
V. Higgins & Co., Inc., 271 Ninth St., 
Brooklyn, N. Y. Price in quantities 25 


cents: single copies to engineers free. 


This new brochure holds between its 
covers the complete drafting standards of 
the American Society of Mechanical En- 
gineers and the American Welding So- 
ciety, as well as one page of proposed 
standards not yet accepted by the Ameri- 
can Standards Association and not to be 
found elsewhere in printed form. 
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UNFIRED PRESSURE VESSELS 
Shell and Dished Head Thickness Charts 


EDWARD L. MAGUIRE 


SHELL THICKNESS—-EXTERNAL PRESSURE 
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Pressure,Lb. per Sq.|n. 
sein Directions For Use: 
a ; ; j 
14 Gat l. Select length of straight shell (distance be- 
12 Ga}-+— tween supports or reinforcing rings of jacketed 
10 Gal tanks, or length of shell between tangents of 
| 8 Ga the head radius on vessels subject to full 
| 0.203 vacuum) and proceed vertically on chart above 
0.234 [— to curve of correct tank diameter. 

| 0250 cep ay 

| Y 0281 ée Project to left to vertical line of external 

| : as pressure to which the vessel is subjected. (Ex- 

2 ternal pressure for vacuum tanks is difference 

| = reo between outside and inside pressures.) 

| 3 0406 3. Follow nearest curve of t/D ratio down until 

~ it intersects curve of tank diameter on = chart 

| "5 04375 at left 
o 0468 , 
a 0500 1. Read required steel thickness or gage on the 
scale at left. 
% 0540 

| » 0.562 EXAMPLE: 

- A tank 54 in. in dia. and 96 in. long has a steam 
Oo 0625 jacket around it operating at 100 Ib. per sq.in. 
= ; The length of this jacket is 83 in. Find the 

0.687 required shell thickness. 

, Starting with the length of straight shell of 83 
0.750 in. on the chart above, follow arrows and dotted 
line to solution of 0.54 in. thick. 
0812 H-f 7 
(Chart based on A.S.M.E. Code Par. U-122) 
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Unfired Pressure Vessels (continued) 


SHELL THICKNESS—INTERNAL PRESSURE 
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a Directions for Use 
= Connect scale A to scale B with straight line 
s and read thickness of metal required from 
correct side of scale C 
— For 55,000 lb. per sq.in. For 75,000 lb. per sq.in. 
| __ 99g ‘| Ultimate strength Ultimate strength 
S Carbon steel Stainless steel 
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Limits and Notes ge OO) 2 
0.938—4— 0.687 3 
1 700 deg.E maximum temperature 4" Pectin 3 
2 80 percent welded joint efficiency H— 0.812 on 
For any other efficiency e, multiply 8 
Shell thickness  x°Z° c 
3 For other materials multiply # of 4 For stainless 20 percent clad at 
stainless steel by following factors: pressures up to 100 lb. per sq.in., 
use € of carbon steel. For an 
Inconel 0.94 other condition multiply € o 
Monel 1.15 stainless by 1.70 
Nickel 1.25 
Everdur 1.50 
Aluminum 6.25 
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Unfired Pressure Vessels (continued) 


DISHED HEAD THICKNESS 
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— Directions for Use 
a 6 1 Connect scale A, to By for 55,000 Ib. per sq.in. 15 | 
1s —- ultimate strength steel and read required | 
—_ thickness on scale C 
= 2 Connect scale Ag to Bg for 75,000 lb per sq.in. 
od ultimate strength or similar alloy and read 
a on on scale C 20 
20—_{— c a 
= i 29 
~~ ' -™ 
= Required Thickness —T 
= = in Standard Gage = 
<= Rollings 3 
£ 30 mo a For pressure on} 13 “a For pressure on “}— 
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i H— 0.687 3" : 100 
— 4 
100 0812 7 a 
A A 0937 © 
1 2 vanes ian 
Limits and Notes c 150 q 
1 Factor of safety of 5 ; 
2 650 deg.F. maximum working temperature Ga 1a 
3 Radius of dish equal to tank diameter Ties 
4 Seamless head of either 55,000 or 75,000 Ib. per sq.in. 200 —-- 
minimum ultimate strength 
5 Foratwo or more piece head multiply # by 1.25 —— 200 
250 
5 in. is minimum thickness for code vessels = 
7 This chart is based on A.S.M.E.Code Par. U-36 a. Be. wn B. | 
] 
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ALUMINUM UNFIRED PRESSURE VESSELS 
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COPPER ALLOY BULLETIN 


REPORTING NEWS AND TECHNICAL DEVELOPMENTS OF COPPER AND COPPER-BASE ALLOYS 
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Prepared Each Month by the Bridgeport Brass Co. 
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Copper Sheet is Good 
Base for Silver Plate 


Copper sheet is used as a base for the 
production of silver plated articles because 
it is easily and economically stamped into 
desired shapes, and because it is particularly 
well adapted to electroplating and finishing. 
Bridgeport copper sheet with its uniform 
high quality, made possible by the company’s 
new and up-to-the-minute equipment, is 
considered excellent for this purpose. It is 
helping manufacturers of silver plate achieve 
highly satisfactory results at economical cost. 








Easy and accurate stamping of copper sheet sup- 
plied by Bridgeport is made possible by Bridgeport’s 
carefully controlled manufacture. 





Three-Step Procedure 
For Cleaning Alloys 





A new method of cleaning brass, bronze 
and copper preparatory to plating gives a 
sequence of operations said to produce econ- 
omies, superior plating color and better plate 
adhesion. 

The process comprises three steps: (1) Ef- 
fective pre-cleaning of the work with either 
an alkaline compound or an emulsifying sol- 
vent, depending on the condition and shape 
of the pieces; (2) Anodic cleaning with an 
alkaline electro-cleaner prepared for this par- 
ticular purpose; and (3) A sulphuric acid dip. 
The work is rinsed, of course, following each 
operation. 

Incomplete removal of oils, greases and dirt 
has always been considered a cause of poor 
electrodeposits. The new process is said to 
be capable of eliminating all types of oil and 
dirt. Moreover, it is reported to do away 
with the smutty deposits and soap films that 
contribute to poor adhesion of the electro- 
posit. A further advantage is the slight 
‘+h it provides on alloys, which also makes 
r better adhesion of the electrodeposit. 








Progress is Made in Substituting 
Copper for Brass in Varied Uses 





Factors to be Considered Include Oxygen Content of Copper 
Used, Comparative Machinability, and Need for Retooling 





In considering the possible substitution 
of copper for high brass, there are different 
types of copper which will provide slightly 
different specific properties that may be of 
advantage. The properties of these various 
types of copper were discussed in the ‘‘Types 
of Copper” column in the Copper ALLoy 
BuLLETIN from May to July, 1939. 

One of the differences not previously men- 
tioned in the present series of articles is the 
effect of oxygen content on the machinabil- 
ity of copper. While high brass is not com- 
monly expected to be readily machined, it 
can be done fairly well when in the cold 
worked condition. None of the various types 
of copper, however, is as readily machinable 
as cold worked high brass. Annealed copper 
is particularly tough and machining speeds 
must be greatly reduced in order to cut it 
at all. Copper containing particles of cuprous 
oxide such as regular electrolytic tough pitch 
copper is somewhat superior to deoxidized 
copper in this respect. This is due to the 
presence of the copper oxide particles which 
tend to break up the otherwise long stringy 
chips. The cutting tool edge must have con 
siderable rake and clearance. This type of 
cutting edge tends to produce long chips 
and therefore drilling and tapping opera 
tions are particularly difficult. Copper which 
must be machined should be in the cold 
worked condition and of the tough pitch type, 
but even under the best conditions, it is not 
an easy operation compared to high brass. 


Tubing and Stampings 


During the past few months some progress 
has been made in the substitution of copper 
for brass. In most cases these are the simple 
types of fabrications, but a few have re- 
quired some care and planning in order to 
get satisfactory products of copper. The use 
of copper tubing in the plumbing industry 
has been quite extensive. High brass pipe 
has been replaced quite generally by red 
brass and copper pipe. The thin wall tubes 


used in exposed plumbing fixtures, which are 
normally chromium plated, have been re- 
placed by deoxidized copper. In both these 
cases deoxidized copper has been used be- 
cause its ductility is sufficiently greater than 
tough pitch copper to permit severe bend- 
ing operations. 

There has also been some copper used for 
name plate work and flat stampings of that 
general type. Consideration is also being 
given to the use of copper in small pressure 
vessels which can be made from cold worked 
material and soft soldered without softening 
of the vessels themselves. There also seems 
to be a field for copper in flashlight parts 
and bodies, for these parts have been made 
of copper in the past and it seems probable 
that most of them could be made of copper 
without the use of special tools and extra 
operations. Some parts used in electrical 
hardware normally made of brass would seem 
to be suitable for a change over to copper. 


Desirability of Retooling 


When this series of articles was started, 
the scarcity of zinc for use in non-defense 
applications was the primary consideration. 
As the defense program has developed, the 
need for copper for defense purposes has 
reached the point where the desirability of 
such substitution needs consideration from 
a somewhat different viewpoint. When the 
use of copper requires extensive tool changes 
as it does in some cases, it is questionable 
whether the machine tooling required for 
such changes is justifiable. From the produc 
tion standpoint it seems possible that the 
substitution of copper may be desirable only 
because it saves a remelting operation which 
might be better used for essential defense 
work than for other purposes. It is well to 
bear these considerations in mind, therefore, 
when planning changes from alloys to pure 
copper. The accompanying table lists some 
of the physical properties of high brass and 
commercial copper. 





PROPERTY 
Specific Gravity, 20°C .. 
Density, lbs./cu. in. 
Linear Coefficient of Expansion @ 25°C 
Electrical Resistivity, 20°C 
Electrical Conductivity, 20°C . 
Thermal Conductivity, 20°C. 
Specific Heat 
Modulus of Elasticity, cold worked 





16.8 x 10-6/°C 
1.682 microhms/cm? 


0.923 cal/cm2 
0.0918 cal/gr/°C 
16,000,000 lbs./sq. in. 


COPPER HIGH BRASS 
8.94 8.47 
0.323 0.306 


19.0 x 10-' >. 
6.68 microhms/cm? 
25.85% 
0.286 cal/cm2/cm/sec/°C 
0.0909 cal/gr/°C 
14,500,000 Ibs./sq. in. 


100% 
cm/sec/°C 
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ALLOYS OF COPPER 


This is the twenty-fifth of a series of 
articles on the properties and uses of 
copper alloys, and continues the subject 
of modifications of the copper-zinc alloys. 





ADDITIONS OF LEAD 
TO COPPER-ZINC ALLOYS 


Because of purely manufacturing consid- 
erations, the addition of lead to copper-zinc 
alloys (to improve machinability) is usually 
confined to the range from 55 to 63 % copper. 
Occasionally, however, lead has been added 
to pure copper and other alloys from 90-10 
copper-zinc on down to 55% copper. 


The addition of lead reduces the ductility 
of the copper alloys in both hot and cold 
working operations. Those alloys which are 
normally the most difficult to hot work are 
the alloys most seriously affected by the 
presence of lead. Hence the alloys with 
copper contents above about 63% and con- 
taining additions of lead have been proc- 
essed almost entirely by cold working. Such 
alloys, besides being difficult to hot work, 
are also sensitive to processing variables in 
cold working. Thus the use of some other- 
wise very desirable alloys has been restricted 
by the excessive cost of manufacture. 

Those alloys containing less than 63% 
copper are two-phase alloys above about 
700° C. This second phase, beta, is much 
more ductile in that range of temperatures 
and the lead does not seem to reduce its duc- 
tility to the extent that it does the alpha 
phase. For this reason, alloys around 60% 
copper can be produced readily by hot work- 
ing even when containing appreciable quan- 
tities—2 or 3% for instance—of lead. 

The accompanying table lists the com- 
mercial leaded alloys normally available: 


Special File For Brass 





Filing brass is quite different from filing 
other metals, says a leading file maker. 
While brass is generally softer than ferrous 
metals, it is malleable, ductile and tough. 
Thus, a regular or general purpose file will 
cut brass rapidly enough for a few strokes. 
Then the teeth tend to clog rapidly and 
consequently slip over the metal surface, 
without removing much stock. 


A special brass file that will correct this, 
the file manufacturer claims, has a combina- 
tion of tooth angles and number of tooth 
points per inch to give excellent results. It 
possesses a long overcut angle and a short 
upcut angle. The short upcut angle keeps 
the file on the work, while the long over- 
cut angle, producing many fine scallops on 
the short upcut, breaks up the filings. This 
permits the file to clear itself of chips. In 
other words, this prevents the file from tak- 
ing too much of a bite and eliminates clog- 
ging and chattering. It is also said to leave 
a good finish. 





Filing of brass involves a special technique. Inset 
shows tooth design of brass file. 














COMMERCIAL LEADED COPPER-ZINC ALLOYS 
ALLOY ASTM ALLOY NO. COPPER ZINC LEAD 
Leaded Commercial Bronze B- 41T B 88.5 9.5 2.0 
Hardware Bronze B- 41T A 85.0 13.0 2.0 
Leaded High Brass B135-40T 3 66.0 33.5 0.5 
Leaded Brass Tubes B135—40T 4 66.0 32.4 1.6 
Clock Brass B121-39T 5 63.0 35.0 2.0 
Leaded Naval Brass B21-40T B 60.5 39.0 0.5 
Forging Rod.. B124-39T 2 60.0 38.0 2.0 
Leaded Cold Heading Rod 63.0 35.4 1.6 
Screw Machine Rod : B16-29 61.5 35:5 3.0 














NEW DEVELOPMENTS 








Electroplating brushes which are said to | 
practically unaffected by normal plating sol 
tions are now available. They do not deterio: 
ate rapidly, as do hog bristles. They are called 
soft enough for use even with such deposit 
as silver. (No. 210 


A welder’s glass for use in helmets is re 
ported to cut off most of the infra-red rays and 
all of the ultra-violet rays, thus preventing dis 
tress and injury to the eyes. Moreover it make 
possible better observation and more accurate 
control of the flow of metal, itis said. (No. 211) 


A sheet metal gage measures the thicknes 
of brass, copper and other non-ferrous metal 
from one side only, without contacting reverse 
side. It is recommended for use with copper 
tanks, brass pipe and many other applications 

(No. 212) 


A sander-polishing machine, though small 
and portable, is designed to give heavy-duty, 
continuous service. This bench-type belt sander 
polisher is said to be well adapted to use on 
edges, irregular work, curves, flat pieces, smal! 
members and small radii. (No. 213 


Anair-line dehydrator utilizes easily-renewed 
silica gel as moisture-removing agent. Fresh 
supply is quickly screwed in. The shell is made 
of brass with brazed joints, and the outlet 
screen is 200-mesh brass. (No. 214) 


A tool grinding fixture holds cutters for 
sharpening on drilling machines. Fixture i: 
readily tightened on drill table and will hold 
straight or taper shank tools up to 1-in. in 
diameter, including end-milling cutters, coun 
terbores, and facing cutters, it is said. Cup 
grinding wheel rides in drill spindle chuck. 

(No. 215) 


Marking tool with solid die is said to auto 
matically make clean-cut identifying marks in 
high production on parts such as shells and 
other ordnance and non-ordnance parts. Used 
on automatic screw machines or lathes. (No. 216) 


A hexagon bed turret, designed to step up 
bench and engine lathe production to a rate 
comparable with that of hand screw machines, 
is announced. It is said to have many new 
automatic features and is designed to fit many 
makes and sizes of lathes. (No. 217) 


A soft rubber polishing wheel has an im 
proved composition which rapidly produces 
highly polished surfaces on any base metal, it 
is reported. It is said to greatly reduce polish 
ing time because of the 5 different types of 
polishing compounds impregnated in the binder. 
It can readily be dressed for contours. It also 
eliminates scratches and blemishes, it is claimed 

(No. 218) 


This column lists items manufactured 
or developed by many different sources 
Further information on any of them may 
be obtained by writing Bridgeport Brass 
Company, which will gladly refer readers 
to the manufacturer or other source 





PRODUCTS OF THE BRIDGEPORT BRASS COMPANY 


Executive Offices: BRIDGEPORT, CONN.—Branch Offices and Warehouses in Principal Cities 


SHEETS, ROLLS, STRIPS — 
Brass, bronze, copper, Duronze,* 
for stamping, deep drawing, forming 
and spinning. 


CONDENSER, HEAT EX- 
CHANGER, SUGAR TUBES— 
For steam surface condensers, heat ex- 
changers, oil refineries, and process 
industries. 


*Trade-name. 


PHONO-ELECTRIC* ALLOYS— 
High-strength bronze trolley, messen 
ger wire and cable. 


WELDING ROD — For repairing 

cast iron and steel, fabricat- DW. 
ing silicon bronze tanks. BRASS 
LEDRITE* ROD — For 


making automatic screw ma- 
chine products. 


plumbing, heating, 
piping. 


“Bridgep rt” 


Established 1865 


COPPER WATER TUBE—For 


underground 


DURONZE ALLOYS — High- 
strength silicon bronzes for cor- 
rosion - resistant 
marine hardware; hot rolled 
sheets for tanks, boilers, 
heaters, flues, ducts, flashings. 


BRASS, BRONZE, DURONZE 


wood screws, rivets, bolts, nuts. 


FABRICATING SERVICE DEPT. 
—Engineering staff, special equipment 
for making parts or complete items. 


BRASS AND COPPER PIPE— 


connectors, 


ground and industrial services. 


BRIDGEPORT BRASS 





WIRE — For cap and machine screws, 


‘*Plumrite’’* for plumbing, under- 


